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LNG SUPPLY CHAIN ANALYSIS AND OPTIMISATION OF TURKEY’S 
NATURAL GAS NEED WITH LNG IMPORT 
 
MSc. THESIS 
 
 
ABSTRACT 
 
 
Even though many research and development projects are going on to 
increase the use of renewable energy and its efficiency, it is not likely that these are 
going to replace today’s primary energy resource: hydrocarbons and fossil fuels. 
Thus, in the near future, in a frame of a sustainable energy policy, oil and natural gas 
supply will have strategic importance. 
 
Although petroleum products keep their first place as automobile fuels, the 
use of natural gas in houses and industry has increased at a very high level. The main 
reasons for this are the facts that the natural gas is more economic, produces less 
emissions and it does not require to be stocked by the consumer. Especially in 
Europe and USA, increased environmental concerns have encouraged customers to 
use natural gas. The natural gas share in world primary energy consumption is 
expected to exceed the oil share, which has the biggest share today, by the year of 
2030. 
 
Turkey as an energy importer is working on many alternative projects to meet 
its increasing energy demand in parallel with the world developments: Construction 
of nuclear stations, electricity generation from wind energy, hydrogen energy etc. 
However, these studies are not sufficient to respond to emergency situation needs. 
 iv 
Our country’s capability to reach alternative energy resources in an energy crisis is 
very limited and Turkey does not have a sustainable energy policy or self sufficient 
response plan in case of an emergency. 
 
Turkey’s natural gas need is met mainly by pipelines from Russia, Iran and 
Azerbaijan. Besides, it has BOTAS Marmara Ereglisi and EGEGAZ  LNG(Liquefied 
Natural Gas) terminals. LNG is carried by specially built LNG ships and it is stored 
at LNG storage tanks, and when it is needed or during supply stoppages or problems 
the LNG is regasified and delivered to the pipeline system from these terminals. 
Turkey’s natural gas storage capacity is sufficient for only 10-15 days consumption 
in heavy winter conditions. Limited resources and receiving the majority of the gas 
by pipelines increase the risks. An energy crisis or political crisis in our country or in 
the supplier country may be a treat to gas flow. Besides, a failure or damage in the 
pipelines or sabotage can interrupt energy flow. 
 
Since increasing the resources will decrease the risks, increasing LNG supply 
by sea transportation can be a solution to decrease the dependency for the subject.  
 
In this study, an LNG supply chain model is analyzed and optimization of 
Turkey’s natural gas need with LNG import is modeled. 
 
Keywords: Energy, Natural Gas, Liquefied Natural Gas, LNG 
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DEFINITIONS 
 
Energy: The power able to carry out a work. It is accumulated in a substance and 
can exist in different forms such as heat, light, potential, kinetic or mechanic. 
GDP: The market value of all produced goods and services of a country in a calendar 
year. It is one of the main indicators of a country’s economic level. 
LNG: Liquid form of natural gas which is achieved by cooling it to -162 degrees 
Celsius. This enables transporting the natural gas with 600 times smaller volume 
compared to gas form. 
Logistics: Flow of the goods, services, information and transactions in a timely 
manner from source point to end consumer. 
Logistics Management: Management of planning, implementing, controlling and 
tracking of the flow of the goods, services, information and transactions in a supply 
chain. 
Natural Gas: A type of hydrocarbon fossil fuel mainly consisting of methane.  It can 
be found as a gas reserve alone or associated gas in oil reserves. 
Supply Chain: All parties involved in moving the goods, services or information 
from source to end consumer. 
Supply Chain Management: “Supply Chain Management encompasses the 
planning and management of all activities involved in sourcing and procurement, 
conversion, and all logistics management activities. Importantly, it also includes 
coordination and collaboration with channel partners, which can be suppliers, 
intermediaries, third-party service providers, and customers. In essence, supply chain 
management integrates supply and demand management within and across 
companies” (The Council of Supply Chain Management Professionals, web).  
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CHAPTER ONE 
1. WORLD ENERGY REVIEW 
1. 1. INTRODUCTION 
1.1.1. Problem Definition of the Research 
The problem definition of the research is described as “LNG Supply Chain 
Analysis and Optimization of Turkey’s Natural Gas Need with LNG imports”. 
1.1.2. Purpose of the Research 
This study aims to analyze the current and future of Turkey’s natural gas need 
and propose the optimum share of LNG import in this need and investigate feasible 
ways of LNG supply options including long term agreements or spot market 
purchases and discussing the transport solutions 
1.1.3. Importance of the Research 
Turkey, as an energy importer is working on many alternative projects to 
meet its increasing energy demand in parallel with the world developments: 
Construction of nuclear stations, electricity generation from wind energy, hydrogen 
energy etc. However, these studies are not sufficient to respond to emergency 
situation needs. Our country’s capability to reach alternative energy resources in an 
energy crisis is very limited and doesn’t have a sustainable energy policy or self 
sufficient response plan in case of an emergency. Thus, a sustainable and reliable 
energy policy which includes a well planned LNG supply chain for the country’s 
demand is vital. The research aims to contribute to a better organized natural gas 
supply chain by emphasizing the role and contribution of sea-borne LNG imports. 
 
 2 
1.1.4. Research’s Methodology, Resources andLlimitations 
Quantitative research methods are applied to analyze and forecast Turkey’s 
energy and natural gas need and this information is assessed in the light of strategic 
and economic planning. 
 
Information from energy companies   and LNG shipping companies is used as 
the primary resources. BP, ExxonMobil, the Energy Information Administration and 
the International Energy Agency’s statistics and forecasts are analyzed and referred 
to for the current and future world energy status.  However, for consistency reasons 
the BP Statistical Review of World Energy (June 2011) is used as the primary source 
in this aspect. 
 
 BOTAS (Petroleum Pipeline Corporation), the responsible body for 
planning, purchasing and selling natural gas and LNG in Turkey and their web site 
and publications are used to analyze Turkey’s natural gas information. 
 
 Besides the above resources books and articles on supply chain and LNG 
trade and transportation are referred to. 
1.1.5. Preassumtions 
In this study, it is assumed that Turkey’s energy and natural gas needs will 
increase steadily and no substantial reserves will be discovered in Turkey. 
1.1.6. Numbers, Symbols and Legends 
In numbers coma (,) is used as decimals separator and dot (.) is used as 
thousands seperator. The following legend is used for all tables: 
* More than 100 years. 
 ^ Less than 0,05. 
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1.2. WORLD ENERGY REVIEW AND FORECAST 
 
Energy is vital for human beings and is used in many aspects of daily life 
from heating to transport, from lighting houses to power appliances. Today, energy is 
a primary need for all nations and in fact, energy consumption is considered an 
indication of development and welfare level. 
 
Until the beginning of the 20.th century, wood and coal were the primary 
energy resources, but since then oil and gas have replaced their dominant positions 
(Figure 1). With limited hydrocarbon reserves and increasing energy demand the 
world is facing a problem to have sustainable energy supply. Thus, in the near future, 
in a frame of a sustainable energy policy, oil and natural gas supply will have 
strategic importance for all nations. 
 
 
Figure 1 World energy resources shift 
Source:Exxonmobile,  Outlook for Energy A View to 2030 
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Global energy consumption was accounted as 12.002 Million Tons of Oil 
Equivalent (MTOE) in 2010 and oil remained the dominant fuel with a share of 33.6 
% of the total (BP, 2011b, p.40). Due to the effect of the recession in 2008 energy 
consumption fell significantly in 2009. However the annual growth rate of energy 
consumption reached 5.6 % in 2010, the biggest growth rate since 1973. China’s 
energy consumption grew by 11.2 % and reached 2432 MTOE with 20.3 % of global 
energy consumption. With these figures China became the world’s largest energy 
consumer, surpassing the U.S. which has a 19 % share of global consumption (BP, 
2011b, p.40).  Table-1 shows the world’s energy consumption by type for each 
country. 
 
 
Table 1 World’s energy consumption by fuel type (2010) 
  
Consumption by fuel 
       
       
2010 
Million tonnes oil equivalent Oil 
Natural 
Gas 
Coal 
Nuclear 
Energy 
Hydro 
electricity 
Renew- 
ables 
Total 
US 850,0 621,0 524,6 192,2 58,8 39,1 2285,7 
Canada 102,3 84,5 23,4 20,3 82,9 3,3 316,7 
Mexico 87,4 62,0 8,4 1,3 8,3 1,7 169,1 
Total North America 1039,7 767,4 556,3 213,8 149,9 44,2 2771,5 
Argentina 25,7 39,0 1,2 1,6 9,2 0,4 77,1 
Brazil 116,9 23,8 12,4 3,3 89,6 7,9 253,9 
Chile 14,7 4,2 3,7 - 4,9 0,8 28,4 
Colombia 11,0 8,2 3,8 - 9,1 0,2 32,2 
Ecuador 10,6 0,4 - - 2,0 0,1 13,0 
Peru 8,4 4,9 0,5 - 4,4 0,1 18,3 
Trinidad & Tobago 2,1 19,8 - - - ^ 22,0 
Venezuela 35,2 27,6 ^ - 17,4 - 80,3 
Other S. & Cent. America 57,3 5,0 2,1 - 20,7 1,7 86,8 
Total S. & Cent. America 282,0 132,9 23,8 4,9 157,2 11,1 611,9 
Austria 13,0 9,1 2,0 - 7,8 1,4 33,3 
Azerbaijan 3,3 5,9 ^ - 0,8 ^ 10,0 
Belarus 6,6 17,7 ^ - ^ ^ 24,4 
Belgium & Luxembourg 35,0 17,4 4,9 10,9 0,1 1,5 69,8 
Bulgaria 4,2 2,3 6,6 3,5 1,3 0,2 18,0 
Czech Republic 9,2 8,4 16,0 6,3 0,8 0,6 41,3 
Denmark 8,7 4,5 3,8 - ^ 2,5 19,5 
Finland 10,4 3,5 4,6 5,2 3,2 2,2 29,1 
France 83,4 42,2 12,1 96,9 14,3 3,4 252,4 
Germany 115,1 73,2 76,5 31,8 4,3 18,6 319,5 
Greece 18,5 3,3 8,5 - 1,7 0,6 32,5 
Hungary 6,7 9,8 2,6 3,6 ^ 0,7 23,4 
Republic of Ireland 7,6 4,8 1,4 - 0,1 0,7 14,6 
Italy 73,1 68,5 13,7 - 11,2 5,6 172,0 
Kazakhstan 12,5 22,7 36,1 - 1,5 - 72,8 
Lithuania 2,7 2,8 0,2 - 0,3 0,1 6,1 
Netherlands 49,8 39,2 7,9 0,9 ^ 2,2 100,1 
Norway 10,7 3,7 0,5 - 26,7 0,3 41,8 
Poland 26,3 12,9 54,0 - 0,8 1,9 95,8 
Portugal 12,6 4,5 3,4 - 3,8 2,8 27,1 
Romania 9,1 12,0 6,2 2,6 4,6 0,1 34,5 
Russian Federation 147,6 372,7 93,8 38,5 38,1 0,1 690,9 
Slovakia 3,7 5,1 2,7 3,3 1,3 0,1 16,2 
Spain 74,5 31,0 8,3 13,9 9,6 12,4 149,7 
 5 
Sweden 14,5 1,4 2,0 13,2 15,1 4,3 50,7 
Switzerland 11,4 3,0 0,1 6,0 8,2 0,3 29,0 
Turkey 28,7 35,1 34,4 - 11,7 1,0 110,9 
Turkmenistan 5,6 20,4 - - - - 26,0 
Ukraine 11,6 46,9 36,4 20,2 2,9 ^ 118,0 
United Kingdom 73,7 84,5 31,2 14,1 0,8 4,9 209,1 
Uzbekistan 5,0 41,0 1,3 - 2,5 - 49,8 
Other Europe & Eurasia 28,3 14,1 15,7 1,8 22,3 1,2 83,4 
Total Europe & Eurasia 922,9 1023,5 486,8 272,8 195,9 69,6 2971,5 
Iran 86,0 123,2 1,1 - 2,2 0,1 212,5 
Israel 11,2 4,8 7,7 - - ^ 23,7 
Kuwait 17,7 12,9 - - - - 30,6 
Qatar 7,4 18,4 - - - - 25,7 
Saudi Arabia 125,5 75,5 - - - - 201,0 
United Arab Emirates 32,3 54,5 - - - ^ 86,8 
Other Middle East 80,2 39,6 - - 0,9 ^ 120,7 
Total Middle East 360,2 329,0 8,8 - 3,0 0,1 701,1 
Algeria 14,9 26,0 0,3 - ^ - 41,1 
Egypt 36,3 40,6 0,7 - 3,2 0,3 81,0 
South Africa 25,3 3,4 88,7 3,1 0,3 0,1 120,9 
Other Africa 79,0 24,4 5,7 - 19,6 0,7 129,5 
Total Africa 155,5 94,5 95,3 3,1 23,2 1,1 372,6 
Australia 42,6 27,3 43,4 - 3,4 1,5 118,2 
Bangladesh 4,8 18,0 0,5 - 0,3 - 23,6 
China 428,6 98,1 1713,5 16,7 163,1 12,1 2432,2 
China Hong Kong SAR 16,1 3,4 6,3 - - ^ 25,9 
India 155,5 55,7 277,6 5,2 25,2 5,0 524,2 
Indonesia 59,6 36,3 39,4 - 2,6 2,1 140,0 
Japan 201,6 85,1 123,7 66,2 19,3 5,1 500,9 
Malaysia 25,3 32,2 3,4 - 2,1 ^ 62,9 
New Zealand 6,9 3,7 1,0 - 5,5 1,8 18,9 
Pakistan 20,5 35,5 4,6 0,6 6,4 - 67,6 
Philippines 13,1 2,8 7,7 - 1,8 2,3 27,6 
Singapore 62,2 7,6 - - - - 69,8 
South Korea 105,6 38,6 76,0 33,4 0,8 0,5 255,0 
Taiwan 46,2 12,7 40,3 9,4 0,9 1,0 110,5 
Thailand 50,2 40,6 14,8 - 1,2 1,1 107,9 
Vietnam 15,6 8,4 13,7 - 6,3 - 44,0 
Other Asia Pacific 13,5 4,8 18,9 - 7,4 ^ 44,6 
Total Asia Pacific 1267,8 510,8 2384,7 131,6 246,4 32,6 4573,8 
        
Total World 4028,1 2858,1 3555,8 626,2 775,6 158,6 12002,4 
of which: OECD 2113,8 1397,6 1103,6 520,9 309,5 123,0 5568,3 
                 Non-OECD 1914,3 1460,5 2452,2 105,3 466,1 35,6 6434,1 
                 European Union 662,5 443,3 269,7 207,5 83,0 66,9 1732,9 
                 Former Soviet Union 201,5 537,1 169,1 59,3 55,9 0,3 1023,3 
Source: BP Statistical Review of World Energy, 2011 
 
 
 
Global energy demand is expected to increase as a result of world population 
growth and increase in income per capita. “Projections recently issued by the United 
Nations suggest that world population by 2050 could reach 8,9 billion, but in 
alternative scenarios could be as high as 10,6 billion or as low as 7,4 billion” (UN, 
2004, p.3). Similarly as seen on Figure 2 world GDP is expected to rise 2,8 % per 
annum and as  a result global energy consumption will rise by 1,2 % per annum 
(Exxonmobile, 2009, p. 10).  
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Figure 2 World’s population, GDP and energy demand  projection 
Source: ExxonMobil, Outlook for Energy A View to 2030 
 
 
BP calculates that global energy demand will increase by 40% between the 
years of 2010 and 2030 or 1,7 % p.a. average and reach 16.432  MTOE in 2030 (BP, 
2011a, p.17).. It is important to note that according to BP projections the share of oil 
, gas and coal  will be almost at the same level between 26-28% in 2030 (BP, 2011a, 
p.18).  
 
The share of fossil fuels is expected to drop and share of renewable and 
nuclear energy to icrease. EIA estimates the share of fossil fuels which was 84% of 
the US total energy consumption in 2008 will drop to 78 % in 2035  (EIA, 2010a, p. 
2). 
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Table 2 World energy consumption projection to 2030 
Energy Consumption          
Million tonnes oil equivalent 1990 1995 2000 2005 2010 2015 2020 2025 2030 
North America 929,4 960,8 1071,4 1139,4 1030,1 1031,3 1012,8 988,0 953,6 
S & C America 167,5 194,8 222,9 230,5 256,4 283,3 311,0 334,9 357,7 
Europe & Eurasia 1126,8 938,7 929,4 959,6 908,3 908,6 904,9 898,2 870,2 
Middle East 168,9 203,1 230,2 282,3 352,2 398,4 440,5 477,8 502,3 
Africa 95,1 105,6 117,6 131,4 146,9 159,3 173,4 189,3 207,1 
Asia Pacific 663,1 863,1 990,7 1134,6 1249,4 1389,6 1525,5 1656,3 1780,2 
Total Liquids Consumption^  3150,9 3266,1 3562,1 3877,8 3943,3 4170,4 4368,2 4544,6 4671,1 
of which, Biofuels 7,1 8,5 9,4 18,1 58,6 93,7 133,6 179,0 235,1 
          
North America 579,3 672,5 720,0 704,8 757,1 766,1 812,7 838,0 864,1 
S & C America 52,0 67,6 86,4 110,3 131,5 161,1 187,7 214,5 246,5 
Europe & Eurasia 877,2 822,7 886,2 1002,8 1005,3 1099,6 1163,4 1197,8 1233,2 
Middle East 86,1 128,1 168,1 251,3 346,6 472,4 577,4 657,2 739,1 
Africa 35,5 41,8 51,5 71,4 94,4 115,4 137,4 159,4 185,5 
Asia Pacific 139,2 191,4 263,3 357,7 493,4 657,5 792,6 914,0 1044,0 
Total Natural Gas Consumption 1769,3 1924,1 2175,5 2498,3 2828,3 3272,1 3671,3 3981,0 4312,4 
          
North America 513,7 536,5 606,9 614,9 569,8 574,6 532,5 501,9 457,9 
S & C America 17,2 18,2 20,1 21,2 24,9 27,8 30,4 32,9 35,3 
Europe & Eurasia 790,5 580,0 525,6 513,6 473,0 452,9 435,8 422,7 404,0 
Middle East 3,4 5,5 7,3 9,1 9,4 9,6 9,7 9,7 9,7 
Africa 79,4 85,7 90,2 101,1 106,9 122,2 136,4 148,7 162,3 
Asia Pacific 829,8 1041,5 1087,4 1644,0 2312,0 2834,6 3127,6 3274,7 3342,7 
Total Coal Consumption 2234,0 2267,4 2337,6 2904,0 3496,1 4021,7 4272,3 4390,5 4411,9 
          
North America 154,5 184,3 197,8 209,4 208,6 215,9 217,2 220,4 249,2 
S & C America 2,2 2,2 2,8 3,8 4,9 6,7 9,2 10,5 12,2 
Europe & Eurasia 229,2 243,7 267,4 285,5 266,8 277,8 289,9 303,7 319,8 
Middle East 0,0 0,0 0,0 0,0 0,0 1,4 1,4 2,4 4,1 
Africa 2,0 2,7 3,1 2,9 2,9 3,5 4,2 5,5 7,1 
Asia Pacific 65,2 93,0 113,3 125,2 130,7 218,6 301,2 391,2 504,5 
Total Nuclear Energy Consumption 453,1 525,9 584,3 626,8 613,9 723,8 823,1 933,7 1096,8 
          
North America 139,2 152,9 151,2 150,1 156,3 159,2 163,6 168,4 173,4 
S & C America 82,3 105,1 124,8 140,9 161,6 178,6 197,9 217,8 240,4 
Europe & Eurasia 162,6 178,4 188,6 180,3 184,5 194,5 206,4 217,7 230,6 
Middle East 2,2 2,8 1,8 4,1 5,4 6,8 8,5 9,9 11,4 
Africa 12,9 13,9 17,0 20,5 21,6 25,9 31,9 36,9 43,3 
Asia Pacific 90,1 108,7 116,7 162,6 243,3 290,0 349,9 396,6 445,0 
Total Hydroelectricity Consumption 489,3 561,8 600,1 658,5 772,8 855,0 958,2 1047,2 1144,0 
          
North America 23,6 18,3 20,7 25,8 40,8 66,3 90,6 123,1 150,6 
S & C America 1,7 2,3 3,2 5,5 8,7 13,9 18,1 24,4 31,1 
Europe & Eurasia 4,5 7,0 14,6 34,2 68,4 108,2 154,0 201,4 253,0 
Middle East 0,0 0,0 0,0 0,0 0,1 0,5 1,9 5,1 10,6 
Africa 0,0 0,2 0,3 0,6 1,3 3,8 8,9 19,2 32,4 
Asia Pacific 5,2 6,8 10,6 15,2 34,6 81,4 159,3 233,9 318,1 
Total Renewables Consumption 35,0 34,6 49,4 81,4 153,8 274,0 432,7 607,0 795,8 
Source: BP Energy Outlook 2030 
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1.3. WORLD ENERGY CONSUMPTION BY FUEL TYPE 
1.3.1. Oil and Petroleum Products 
World proven oil reserves are recorded as 188,8 Billion tons (1383,2 billion 
barrels) at the end of 2010. Saudi Arabia holds the largest oil reserve which is 
accounted as 36,3 billion tons with a 19,1 % share of the world total. It is followed 
by Venezuela and Iran with the shares of 15,3 % and 9.9 % respectively (BP, 2011b, 
p.6). Table 3 provides the full list of proven oil reserves as of end of 2010.  
 
Table 3 Proven oil reserves 
Oil: Proved reserves at end 
1990 
at end 
2000 
at end 
2009 
 at end 
2010 
  
 Thousand 
million 
barrels 
Thousand 
million 
barrels 
Thousand 
million 
barrels 
Thousand 
million 
barrels 
Thousand 
million 
barrels 
Share 
of  total 
R/P 
ratio 
        
US 33,8 30,4 30,9 3,7 30,9 2,2% 11,3 
Canada 11,2 18,3 32,1 5,0 32,1 2,3% 26,3 
Mexico 51,3 20,2 11,7 1,6 11,4 0,8% 10,6 
Total North America 96,3 68,9 74,6 10,3 74,3 5,4% 14,8 
         
Argentina 1,6 3,0 2,5 0,3 2,5 0,2% 10,6 
Brazil 4,5 8,5 12,9 2,0 14,2 1,0% 18,3 
Colombia 2,0 2,0 1,4 0,3 1,9 0,1% 6,5 
Ecuador 1,4 4,6 6,3 0,9 6,2 0,4% 34,1 
Peru 0,8 0,9 1,1 0,2 1,2 0,1% 21,6 
Trinidad & Tobago 0,6 0,9 0,8 0,1 0,8 0,1% 15,6 
Venezuela 60,1 76,8 211,2 30,4 211,2 15,3% * 
Other S. & Cent. America 0,6 1,3 1,4 0,2 1,4 0,1% 28,9 
Total S. & Cent. America 71,5 97,9 237,6 34,3 239,4 17,3% 93,9 
         
Azerbaijan n/a 1,2 7,0 1,0 7,0 0,5% 18,5 
Denmark 0,6 1,1 0,9 0,1 0,9 0,1% 9,9 
Italy 0,8 0,9 1,0 0,1 1,0 0,1% 25,0 
Kazakhstan n/a 25,0 39,8 5,5 39,8 2,9% 62,1 
Norway 8,6 11,4 7,1 0,8 6,7 0,5% 8,5 
Romania 1,5 1,2 0,5 0,1 0,5  14,8 
Russian Federation n/a 59,0 76,7 10,6 77,4 5,6% 20,6 
Turkmenistan n/a 0,5 0,6 0,1 0,6  7,6 
United Kingdom 4,0 4,7 2,8 0,4 2,8 0,2% 5,8 
Uzbekistan n/a 0,6 0,6 0,1 0,6  18,7 
Other Europe & Eurasia 65,3 2,3 2,3 0,3 2,4 0,2% 17,5 
Total Europe & Eurasia 80,8 107,9 139,2 19,0 139,7 10,1% 21,7 
         
Iran 92,9 99,5 137,0 18,8 137,0 9,9% 88,4 
Iraq 100,0 112,5 115,0 15,5 115,0 8,3% * 
Kuwait 97,0 96,5 101,5 14,0 101,5 7,3% * 
Oman 4,4 5,8 5,5 0,7 5,5 0,4% 17,4 
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Qatar 3,0 16,9 25,9 2,7 25,9 1,9% 45,2 
Saudi Arabia 260,3 262,8 264,6 36,3 264,5 19,1% 72,4 
Syria 1,9 2,3 2,5 0,3 2,5 0,2% 17,8 
United Arab Emirates 98,1 97,8 97,8 13,0 97,8 7,1% 94,1 
Yemen 2,0 2,4 2,7 0,3 2,7 0,2% 27,7 
Other Middle East 0,1 0,2 0,1 ^ 0,1  9,3 
Total Middle East 659,6 696,7 752,6 101,8 752,5 54,4% 81,9 
         
Algeria 9,2 11,3 12,2 1,5 12,2 0,9% 18,5 
Angola 1,6 6,0 13,5 1,8 13,5 1,0% 20,0 
Chad - 0,9 1,5 0,2 1,5 0,1% 33,7 
Rep. of Congo 
(Brazzaville) 
0,8 1,7 1,9 0,3 1,9 0,1% 18,2 
Egypt 3,5 3,6 4,4 0,6 4,5 0,3% 16,7 
Equatorial Guinea - 0,8 1,7 0,2 1,7 0,1% 17,1 
Gabon 0,9 2,4 3,7 0,5 3,7 0,3% 41,2 
Libya 22,8 36,0 46,4 6,0 46,4 3,4% 76,7 
Nigeria 17,1 29,0 37,2 5,0 37,2 2,7% 42,4 
Sudan 0,3 0,6 6,7 0,9 6,7 0,5% 37,8 
Tunisia 1,7 0,4 0,4 0,1 0,4  14,6 
Other Africa 0,9 0,7 0,7 0,2 2,3 0,2% 44,2 
Total Africa 58,7 93,4 130,3 17,4 132,1 9,5% 35,8 
         
Australia 3,2 4,9 4,1 0,4 4,1 0,3% 19,9 
Brunei 1,1 1,2 1,1 0,1 1,1 0,1% 17,5 
China 16,0 15,2 14,8 2,0 14,8 1,1% 9,9 
India 5,6 5,3 5,8 1,2 9,0 0,7% 30,0 
Indonesia 5,4 5,1 4,3 0,6 4,2 0,3% 11,8 
Malaysia 3,6 4,5 5,8 0,8 5,8 0,4% 22,2 
Thailand 0,3 0,5 0,4 0,1 0,4  3,6 
Vietnam 0,2 2,0 4,5 0,6 4,4 0,3% 32,6 
Other Asia Pacific 1,0 1,3 1,3 0,2 1,3 0,1% 11,3 
Total Asia Pacific 36,3 40,1 42,2 6,0 45,2 3,3% 14,8 
         
Total World 1003,2 1104,9 1376,6 188,8 1383,2 100,0% 46,2 
of which: OECD 115,4 93,3 92,0 12,4 91,4 6,6% 13,5 
                 OPEC 763,4 849,7 1068,6 146,0 1068,4 77,2% 85,3 
                 Non-OPEC £ 176,5 168,2 182,6 25,5 188,7 13,6% 15,1 
              European Union # 8,1 8,8 6,2 0,8 6,3 0,5% 8,8 
           Former Soviet Union 63,3 87,1 125,4 17,3 126,1 9,1% 25,6 
Canadian oil sands n/a 163,3 143,1 23,3 143,1     
Proved reserves and oil 
sands 
n/a 1268,2 1519,6 212,0 1526,3     
   
Source :BP Statistical Review of World Energy, 2011 
 
 
Oil preserves its top share as the primary source of world energy with 33,6 % 
of world energy consumption and it is expected to keep its dominant position  in the 
near future. The world produced 3913,7 million tons of oil in 2010 and Russia with 
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12.9 % of the total had the biggest share in world oil production. It is followed by 
Saudi Arabia with 12 % and the US with 8,7 %. (BP, 2011b, p.10) 
 
The world consumed 4028,1 million tons of oil in 2010 and the US had the 
biggest consumption share with 21,1% of global consumption. It is followed by 
China with 10,6 % and then Japan 5 % of global oil consumption (BP, 2011b, p.11). 
Table 4 provides the detailed figures on world oil consumption for 2010. 
 
Table 4 World  oil consumption 
Oil: Consumption      Change 
2010 over 
2009 
2010 
share 
of total 
     
Million tones 2000 2005 2009 2010 
       
US 884,1 939,8 833,2 850,0 2,0% 21,1% 
Canada 88,1 100,3 97,1 102,3 5,4% 2,5% 
Mexico 87,3 90,9 88,5 87,4 -1,2% 2,2% 
Total North America 1059,5 1131,0 1018,8 1039,7 2,1% 25,8% 
       
Argentina 20,5 20,6 23,7 25,7 8,5% 0,6% 
Brazil 91,5 94,0 107,0 116,9 9,3% 2,9% 
Chile 10,8 11,8 15,6 14,7 -6,0% 0,4% 
Colombia 10,7 10,5 10,5 11,0 4,1% 0,3% 
Ecuador 5,8 7,5 10,1 10,6 5,0% 0,3% 
Peru 7,4 7,1 8,1 8,4 3,6% 0,2% 
Trinidad & Tobago 1,8 2,1 2,1 2,1 4,4% 0,1% 
Venezuela 25,8 29,1 33,7 35,2 4,7% 0,9% 
Other S. & Cent. America 52,3 57,1 57,9 57,3 -1,0% 1,4% 
Total S. & Cent. America 226,6 239,9 268,6 282,0 5,0% 7,0% 
       
Austria 11,8 14,2 13,0 13,0 0,2% 0,3% 
Azerbaijan 6,3 5,3 3,2 3,3 4,0% 0,1% 
Belarus 7,0 7,1 9,3 6,6 -29,3% 0,2% 
Belgium & Luxembourg 33,9 37,7 33,4 35,0 4,8% 0,9% 
Bulgaria 4,1 5,0 5,6 4,2 -25,6% 0,1% 
Czech Republic 7,9 9,9 9,7 9,2 -5,0% 0,2% 
Denmark 10,4 9,3 8,5 8,7 2,0% 0,2% 
Finland 10,7 11,0 9,9 10,4 4,9% 0,3% 
France 94,9 93,1 87,5 83,4 -4,7% 2,1% 
Germany 129,8 122,4 113,9 115,1 1,1% 2,9% 
Greece 19,9 21,2 20,2 18,5 -8,7% 0,5% 
Hungary 6,8 7,5 7,1 6,7 -5,2% 0,2% 
Republic of Ireland 8,2 9,3 8,0 7,6 -5,0% 0,2% 
Italy 93,5 86,7 75,1 73,1 -2,7% 1,8% 
Kazakhstan 7,8 11,3 12,1 12,5 3,2% 0,3% 
Lithuania 2,4 2,8 2,6 2,7 3,0% 0,1% 
Netherlands 42,5 50,6 49,4 49,8 0,9% 1,2% 
Norway 9,5 10,0 10,3 10,7 3,5% 0,3% 
Poland 20,0 22,4 25,3 26,3 3,9% 0,7% 
Portugal 15,5 16,0 12,8 12,6 -1,6% 0,3% 
Romania 10,0 10,5 9,2 9,1 -1,4% 0,2% 
Russian Federation 129,7 129,9 135,2 147,6 9,2% 3,7% 
Slovakia 3,4 3,8 3,7 3,7 -0,3% 0,1% 
Spain 70,0 80,4 75,7 74,5 -1,6% 1,8% 
Sweden 16,2 16,5 14,6 14,5 -0,1% 0,4% 
Switzerland 12,2 12,2 12,3 11,4 -7,1% 0,3% 
Turkey 31,1 30,2 28,2 28,7 1,7% 0,7% 
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Source: BP Statistical Review of World Energy,2011 
 
Turkey consumed 28,7 million tons of oil in 2010.  Turkey has 43 million 
tons of recoverable oil reserves and in 2010 Turkey oil production was 2,5 million 
tons (Turkey General Directorate of Petroleum Affairs, web). Since these figures are 
not substantial in the world scale they are not listed on the above tables. These 
figures are received from national sources. 
Turkmenistan 3,6 4,5 5,4 5,6 3,6% 0,1% 
Ukraine 12,0 13,5 13,3 11,6 -13,2% 0,3% 
United Kingdom 78,6 83,0 74,4 73,7 -1,0% 1,8% 
Uzbekistan 7,5 5,3 4,8 5,0 2,8% 0,1% 
Other Europe & Eurasia 21,4 27,3 28,5 28,3 -0,7% 0,7% 
Total Europe & Eurasia 938,6 970,1 922,2 922,9 0,1% 22,9% 
       
Iran 62,7 78,4 85,1 86,0 1,0% 2,1% 
Israel 13,5 12,2 11,5 11,2 -2,2% 0,3% 
Kuwait 11,3 16,7 17,2 17,7 2,8% 0,4% 
Qatar 2,0 4,0 6,2 7,4 18,1% 0,2% 
Saudi Arabia 73,0 88,1 117,2 125,5 7,1% 3,1% 
United Arab Emirates 20,1 26,7 29,8 32,3 8,4% 0,8% 
Other Middle East 56,3 62,3 77,3 80,2 3,8% 2,0% 
Total Middle East 239,0 288,5 344,3 360,2 4,6% 8,9% 
       
Algeria 8,5 11,0 14,9 14,9 -0,1% 0,4% 
Egypt 27,2 29,8 34,4 36,3 5,4% 0,9% 
South Africa 22,0 24,6 24,7 25,3 2,7% 0,6% 
Other Africa 59,2 69,1 77,0 79,0 2,6% 2,0% 
Total Africa 116,9 134,5 150,9 155,5 3,0% 3,9% 
       
Australia 37,7 40,2 42,2 42,6 0,8% 1,1% 
Bangladesh 3,2 4,6 4,8 4,8 0,4% 0,1% 
China 224,2 327,8 388,2 428,6 10,4% 10,6% 
China Hong Kong SAR 9,7 13,8 14,0 16,1 15,2% 0,4% 
India 106,1 119,6 151,0 155,5 2,9% 3,9% 
Indonesia 54,5 61,2 59,2 59,6 0,7% 1,5% 
Japan 255,0 244,8 198,7 201,6 1,5% 5,0% 
Malaysia 21,3 23,9 24,5 25,3 3,3% 0,6% 
New Zealand 6,1 7,1 6,8 6,9 0,1% 0,2% 
Pakistan 18,8 15,3 20,6 20,5 -0,6% 0,5% 
Philippines 16,6 14,9 13,1 13,1 0,1% 0,3% 
Singapore 33,4 42,3 56,1 62,2 10,9% 1,5% 
South Korea 103,2 104,4 103,0 105,6 2,5% 2,6% 
Taiwan 42,6 49,1 44,1 46,2 4,7% 1,1% 
Thailand 38,7 50,6 49,9 50,2 0,5% 1,2% 
Vietnam 8,3 12,2 14,1 15,6 10,4% 0,4% 
Other Asia Pacific 11,6 12,8 13,4 13,5 0,9% 0,3% 
Total Asia Pacific 991,1 1144,5 1203,8 1267,8 5,3% 31,5% 
       
Total World 3571,6 3908,5 3908,7 4028,1 3,1% 100,0% 
of which: OECD 2217,1 2303,6 2094,8 2113,8 0,9% 52,5% 
                 Non-OECD 1354,5 1604,9 1813,9 1914,3 5,5% 47,5% 
                 European Union # 699,3 723,1 670,2 662,5 -1,1% 16,4% 
                 Former Soviet Union 180,4 185,4 192,7 201,5 4,6% 5,0% 
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1.3.2. Natural Gas 
Natural gas is a very efficient, economical and cleaner fossil fuel and its 
consumption increased very sharply in the second half of the 20th century. Due to its 
low carbon emission, its usage is encouraged in many countries.  
 
World proven natural gas reserves are  reported as 187,1 trillion cubic meters 
at the end of 2010. The world produced 3193,3 billion cubic meters and consumed 
3169 billion cubic meters of natural gas in 2010 (BP, 2011b pp.24-25). The 
projection for  natural gas consumption in 2030 is calculated as 4368 billion cubic 
meters (EIA, 2010b). 
 
A detailed discussion on natural gas is provided in chapter two. 
 
1.3.3. Coal 
Coal is the most homogenously found fossil fuel in the world. Over 50 
countries have substantial reserves which are reported as 860.938 million tons in 
total. It has the highest reserves to production rate (R/P)  among hydrocarbon fuels 
with 118 years as of 2010. US has the biggest share of  world coal reserves  with 
27,6 %  followed by Russia with 18,2 %  and China with 13,3 % (BP, 2011b, p.30). 
 
Table 5 Proven coal reserves 
Coal: Proved Reserves at end 2010    
 Anthracite Sub-bituminous   
Million tonnes and bituminous and lignite Total Share of Total 
     
US 108501 128794 237295 27,6% 
Canada 3474 3108 6582 0,8% 
Mexico 860 351 1211 0,1% 
Total North America 112835 132253 245088 28,5% 
     
Brazil - 4559 4559 0,5% 
Colombia 6366 380 6746 0,8% 
Venezuela 479 - 479 0,1% 
Other S. & Cent. America 45 679 724 0,1% 
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Source: BP Statistical Review of World Energy,2011 
 In 2010 the world produced 7273,3 million tons of coal which is equal to 
3731,4 MTOE, with China alone having a 48,3 % share of world’s production. It was 
followed by the US with 14,8 % and Australia with 6,3 % share of world totals ( BP, 
2011b, p.32).  Production and the share of each country from 2005 to 2010 are given in 
Table 6.  
Total S. & Cent. America 6890 5618 12508 1,5% 
     
Bulgaria 2 2364 2366 0,3% 
Czech Republic 192 908 1100 0,1% 
Germany 99 40600 40699 4,7% 
Greece - 3020 3020 0,4% 
Hungary 13 1647 1660 0,2% 
Kazakhstan 21500 12100 33600 3,9% 
Poland 4338 1371 5709 0,7% 
Romania 10 281 291  
Russian Federation 49088 107922 157010 18,2% 
Spain 200 330 530 0,1% 
Turkey 529 1814 2343 0,3% 
Ukraine 15351 18522 33873 3,9% 
United Kingdom 228 - 228  
Other Europe & Eurasia 1440 20735 22175 2,6% 
Total Europe & Eurasia 92990 211614 304604 35,4% 
     
South Africa 30156 - 30156 3,5% 
Zimbabwe 502 - 502 0,1% 
Other Africa 860 174 1034 0,1% 
Middle East 1203 - 1203 0,1% 
Total Middle East & Africa 32721 174 32895 3,8% 
     
Australia 37100 39300 76400 8,9% 
China 62200 52300 114500 13,3% 
India 56100 4500 60600 7,0% 
Indonesia 1520 4009 5529 0,6% 
Japan 340 10 350  
New Zealand 33 538 571 0,1% 
North Korea 300 300 600 0,1% 
Pakistan - 2070 2070 0,2% 
South Korea - 126 126  
Thailand - 1239 1239 0,1% 
Vietnam 150 - 150  
Other Asia Pacific 1582 2125 3707 0,4% 
Total Asia Pacific 159326 106517 265843 30,9% 
     
Total World 404762 456176 860938 100,0% 
of which: OECD 155926 222603 378529 44,0% 
                 Non-OECD 248836 233573 482409 56,0% 
                 European Union # 5101 51047 56148 6,5% 
                 Former Soviet Union 86725 141309 228034 26,5% 
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Table 6 World coal production in 2010 
Coal: Production       Change 2010 
       2010 over share 
Million tones 2005 2006 2007 2008 2009 2010 2009 of total 
         
US 1026,5 1054,8 1040,2 1063,0 975,2 984,6 2,1% 14,8% 
Canada 65,3 66,0 69,4 68,4 63,3 67,9 7,2% 0,9% 
Mexico 10,8 11,5 12,5 11,5 10,5 9,3 -11,4% 0,1% 
Total North America 1102,6 1132,3 1122,1 1142,9 1049,0 1061,8 2,3% 15,9% 
         
Brazil 6,3 5,9 6,0 6,6 5,1 5,5 8,2% 0,1% 
Colombia 59,1 65,6 69,9 73,5 72,8 74,4 2,1% 1,3% 
Venezuela 7,2 7,3 7,6 6,2 3,7 4,0 8,1% 0,1% 
Other S. & Cent. America 0,5 0,9 0,5 0,6 0,8 0,7 -7,0%  
Total S. & Cent. America 73,0 79,7 84,0 86,9 82,3 84,5 2,6% 1,4% 
         
Bulgaria 24,6 25,3 28,2 28,7 27,3 28,9 5,8% 0,1% 
Czech Republic 62,0 62,4 61,8 54,9 51,4 50,6 -0,7% 0,5% 
France 0,6 0,5 0,4 0,3 0,1 0,1 -  
Germany 202,8 197,1 201,9 192,4 183,7 182,3 -1,5% 1,2% 
Greece 70,0 64,3 66,6 64,7 65,2 68,5 5,0% 0,2% 
Hungary 9,6 10,0 9,8 9,4 9,0 9,1 1,0% 0,1% 
Kazakhstan 86,6 96,2 97,8 111,1 100,9 110,8 9,2% 1,5% 
Poland 159,5 156,1 145,9 144,0 135,2 133,2 -1,6% 1,5% 
Romania 31,2 34,9 35,8 35,9 34,0 30,8 -9,2% 0,2% 
Russian Federation 298,3 309,9 313,5 328,6 301,3 316,9 4,7% 4,0% 
Spain 19,4 19,2 18,2 8,2 7,7 7,2 -6,3% 0,1% 
Turkey 61,7 64,9 76,6 83,4 84,3 85,3  0,5% 
Ukraine 78,8 80,2 76,8 79,5 73,9 73,3 -0,8% 1,0% 
United Kingdom 20,5 18,5 17,0 18,1 17,9 18,2 1,6% 0,3% 
Other Europe & Eurasia 63,9 66,9 68,2 72,3 71,5 69,9 -4,3% 0,4% 
Total Europe & Eurasia 1189,6 1206,5 1218,5 1231,4 1163,2 1185,1 2,1% 11,5% 
         
Total Middle East 1,3 1,5 1,6 1,6 1,6 1,6 -  
         
South Africa 244,4 244,8 247,7 252,6 250,6 253,8 1,3% 3,8% 
Zimbabwe 3,4 2,1 2,1 1,5 1,7 1,7 -  
Other Africa 1,9 1,8 1,5 1,6 1,4 1,4 -  
Total Africa 249,6 248,7 251,3 255,7 253,6 256,9 1,3% 3,9% 
         
Australia 375,4 382,2 392,7 399,2 413,2 423,9 2,9% 6,3% 
China 2349,5 2528,6 2691,6 2802,0 2973,0 3240,0 9,0% 48,3% 
India 428,4 449,2 478,4 515,9 556,0 569,9 2,5% 5,8% 
Indonesia 152,7 193,8 216,9 240,2 256,2 305,9 19,4% 5,0% 
Japan 1,1 1,4 1,4 1,2 1,3 0,9 -28,4%  
New Zealand 5,3 5,8 4,8 4,9 4,6 5,3 16,8% 0,1% 
Pakistan 3,5 3,9 3,6 4,0 3,5 3,3 -5,2%  
South Korea 2,8 2,8 2,9 2,8 2,5 2,1 -17,3%  
Thailand 20,9 19,0 18,2 18,0 17,8 17,9 0,5% 0,1% 
Vietnam 32,6 38,9 40,0 41,0 45,0 44,1 -2,0% 0,7% 
Other Asia Pacific 47,0 47,7 45,1 47,3 58,1 70,2 14,5% 0,9% 
Total Asia Pacific 3419,2 3673,2 3895,8 4076,6 4331,1 4683,5 8,4% 67,2% 
Total World 6035,3 6342,0 6573,3 6795,0 6880,8 7273,3 6,3% 100,0% 
Source: BP Statistical Review of World Energy,2011 
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In 2010, China was the biggest coal consumer with a 48,2 % share of the total 
world consumption.  In fact, 70,5 % of China’s  energy consumption came from coal in 
2010. The second biggest consumer was the US with 14,8 % and it was followed by 
India with a7,8 % share of the world total consumptions (BP, 2011b, p.33). A full list of 
world coal consumption is given in Table 7. 
 
Table 7 World coal consumption 
Coal: Consumption        Change 
2010 over 
2009 
2010 
share 
of total 
        
Million tonnes oil equivalent 2000 2005 2006 2007 2008 2009 2010 
          
US 569,0 574,2 565,7 573,3 564,1 496,2 524,6 5,7% 14,8% 
Canada 31,8 31,7 31,0 32,3 28,9 23,3 23,4 0,4% 0,7% 
Mexico 6,2 9,1 9,4 9,1 6,9 8,6 8,4 -2,4% 0,2% 
Total North America 606,9 614,9 606,1 614,7 599,9 528,1 556,3 5,3% 15,6% 
          
Argentina 0,8 0,9 0,3 0,4 1,1 1,2 1,2 -  
Brazil 12,5 12,7 12,5 13,4 13,5 11,7 12,4 6,0% 0,3% 
Chile 3,0 2,6 3,2 3,8 4,1 3,7 3,7 1,0% 0,1% 
Colombia 2,7 2,7 2,4 2,4 2,8 3,7 3,8 2,1% 0,1% 
Ecuador - - - - - - - - - 
Peru 0,5 0,5 0,4 0,5 0,5 0,5 0,5 6,3%  
Trinidad & Tobago - - - - - - - - - 
Venezuela ^ ^ ^ ^ ^ ^ ^ -1,9%  
Other S. & Cent. America 0,6 1,8 2,1 2,1 2,2 2,0 2,1 1,9% 0,1% 
Total S. & Cent. America 20,1 21,2 21,0 22,6 24,2 22,9 23,8 3,9% 0,7% 
          
Austria 2,8 3,1 3,1 2,9 2,7 2,2 2,0 -10,5% 0,1% 
Azerbaijan - ^ ^ ^ ^ ^ ^ -7,8%  
Belarus 0,1 0,1 0,1 ^ ^ ^ ^ -23,0%  
Belgium & Luxembourg 7,6 6,1 6,1 5,5 4,8 4,6 4,9 6,2% 0,1% 
Bulgaria 6,3 6,9 7,1 7,8 7,5 6,3 6,6 4,8% 0,2% 
Czech Republic 21,0 19,8 19,4 19,3 17,4 16,2 16,0 -1,3% 0,5% 
Denmark 4,0 3,7 5,6 4,7 4,1 4,0 3,8 -4,9% 0,1% 
Finland 3,5 3,1 5,2 4,6 3,4 3,7 4,6 24,9% 0,1% 
France 13,9 13,3 12,1 12,3 11,9 9,9 12,1 23,2% 0,3% 
Germany 84,9 82,1 83,5 85,7 80,1 71,7 76,5 6,7% 2,2% 
Greece 9,2 8,8 8,1 8,5 8,1 8,1 8,5 4,6% 0,2% 
Hungary 3,2 2,7 2,9 2,9 2,8 2,5 2,6 6,0% 0,1% 
Republic of Ireland 1,8 1,8 1,6 1,5 1,4 1,3 1,4 3,8%  
Italy 13,0 17,0 17,2 17,2 16,7 13,1 13,7 5,0% 0,4% 
Kazakhstan 23,2 27,2 28,1 30,8 34,0 31,7 36,1 13,8% 1,0% 
Lithuania 0,1 0,2 0,2 0,2 0,2 0,1 0,2 19,6%  
Netherlands 8,6 8,7 8,5 9,0 8,5 7,9 7,9 -0,1% 0,2% 
Norway 0,7 0,5 0,4 0,4 0,5 0,3 0,5 32,0%  
Poland 57,6 55,7 58,0 57,9 56,0 51,9 54,0 3,9% 1,5% 
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Portugal 4,5 3,8 3,8 3,3 3,2 3,3 3,4 3,4% 0,1% 
Romania 7,0 7,6 8,5 7,4 7,4 6,6 6,2 -6,6% 0,2% 
Russian Federation 105,2 94,2 96,7 93,5 100,4 91,9 93,8 2,1% 2,6% 
Slovakia 4,0 3,9 3,8 3,8 3,7 3,5 2,7 -24,3% 0,1% 
Spain 21,6 21,2 18,5 20,2 15,6 10,5 8,3 -21,3% 0,2% 
Sweden 1,9 2,2 2,3 2,2 2,0 1,6 2,0 23,6% 0,1% 
Switzerland 0,1 0,1 0,1 0,1 0,1 0,1 0,1 5,7%  
Turkey 25,5 26,1 28,8 31,0 31,3 32,0 34,4 7,4% 1,0% 
Turkmenistan - - - - - - - - - 
Ukraine 38,8 37,5 39,8 39,7 40,3 35,0 36,4 4,2% 1,0% 
United Kingdom 36,7 37,4 40,9 38,4 35,6 29,6 31,2 5,2% 0,9% 
Uzbekistan 1,0 1,1 1,1 1,4 1,4 1,4 1,3 -3,3%  
Other Europe & Eurasia 17,4 18,0 15,8 16,0 16,8 15,2 15,7 3,1% 0,4% 
Total Europe & Eurasia 525,2 513,9 527,2 528,3 517,8 466,4 486,8 4,4% 13,7% 
          
Iran 1,1 1,2 1,2 1,3 0,9 1,1 1,1 1,0%  
Israel 6,2 7,9 7,8 8,0 7,9 7,7 7,7  0,2% 
Kuwait - - - - - - - - - 
Qatar - - - - - - - - - 
Saudi Arabia - - - - - - - - - 
United Arab Emirates - - - - - - - - - 
Other Middle East - - - - - - - - - 
Total Middle East 7,3 9,1 9,1 9,3 8,7 8,8 8,8 0,1% 0,2% 
          
Algeria 0,5 0,6 0,7 0,7 0,6 0,2 0,3 6,1%  
Egypt 1,4 1,3 1,2 1,2 1,2 0,6 0,7 5,1%  
South Africa 74,6 82,9 84,0 85,1 84,7 87,7 88,7 1,1% 2,5% 
Other Africa 6,5 7,3 6,7 6,0 6,2 5,5 5,7 3,8% 0,2% 
Total Africa 82,9 92,1 92,6 93,1 92,7 94,1 95,3 1,3% 2,7% 
          
Australia 46,7 53,6 55,6 54,2 51,8 51,7 43,4 -16,1% 1,2% 
Bangladesh 0,3 0,4 0,5 0,4 0,6 0,4 0,5 6,0%  
China 737,1 1218,7 1343,9 1438,4 1479,3 1556,8 1713,5 10,1% 48,2% 
China Hong Kong SAR 3,7 6,7 7,0 7,5 7,0 7,6 6,3 -16,3% 0,2% 
India 144,2 184,4 195,4 210,3 230,4 250,6 277,6 10,8% 7,8% 
Indonesia 13,7 25,4 30,1 37,8 30,1 34,6 39,4 13,7% 1,1% 
Japan 98,9 121,3 119,1 125,3 128,7 108,8 123,7 13,7% 3,5% 
Malaysia 1,9 6,3 7,3 7,1 5,0 4,0 3,4 -16,1% 0,1% 
New Zealand 1,1 2,2 2,2 1,6 2,0 1,6 1,0 -37,3%  
Pakistan 2,0 4,1 4,2 5,1 5,3 4,7 4,6 -2,3% 0,1% 
Philippines 4,3 5,7 5,5 5,9 7,0 6,7 7,7 15,8% 0,2% 
Singapore - - - - - - - - - 
South Korea 43,0 54,8 54,8 59,7 66,1 68,6 76,0 10,8% 2,1% 
Taiwan 28,7 38,1 39,6 41,8 40,2 38,7 40,3 4,0% 1,1% 
Thailand 7,8 11,2 12,4 14,1 15,3 14,5 14,8 2,6% 0,4% 
Vietnam 4,7 8,0 9,5 10,1 10,0 14,0 13,7 -2,0% 0,4% 
Other Asia Pacific 18,9 20,7 21,4 18,0 19,7 22,1 18,9 -14,5% 0,5% 
Total Asia Pacific 1157,1 1761,6 1908,6 2037,5 2098,4 2185,3 2384,7 9,1% 67,1% 
          
Total World 2399,7 3012,9 3164,5 3305,6 3341,7 3305,6 3555,8 7,6% 100,0% 
Source: BP Statistical Review of World Energy,2011 
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According to BP report Turkey has 2.343 million tonnes of proven coal reserves 
and in 2010 it produced 85,3 million tons of coal (BP, 2011b, p.30). However, Turkey’s 
Lignite Report 2010 states Turkey’s total coal reserves as 11,5 billion tones which 
accounts 5,9% of world total reserves. Turkey consumed 34,4  MTOE of coal of which 
nearly %50 was imported BP,2011b, pp.32-33). Coal was the second largest primary 
energy resource after natural gas for Turkey in 2010 (BP,2011b, p.41).  
 
1.3.4. Nuclear Energy 
Nuclear energy is the latest discovered energy type and it is the energy 
produced from nuclear reactions of Uranium and Thorium elements. Today, 5-6 % of 
world primary energy comes from nuclear power.  It is mainly used in electricity 
production. France generates approximately 75 % of  its electricity from nuclear 
power and the US has a nuclear power share of 19 % in its electricity production 
(World Nuclear Association,web). Table 8 provides a full list of world nuclear 
energy consumption. 
 
Table 8 World nuclear energy 
Nuclear: Consumption        Change 2010 
       2010 
over 
share 
Million tonnes oil equivalent 2005 2006 2007 2008 2009 2010 2009 of total 
         
US 186,3 187,5 192,1 192,0 190,3 192,2 1,0% 30,7% 
Canada 20,7 22,0 21,0 21,1 20,2 20,3 0,3% 3,2% 
Mexico 2,4 2,5 2,4 2,2 2,4 1,3 -44,0% 0,2% 
Total North America 209,4 212,0 215,4 215,4 212,9 213,8 0,4% 34,2% 
         
Argentina 1,6 1,7 1,6 1,6 1,8 1,6 -11,8% 0,3% 
Brazil 2,2 3,1 2,8 3,2 2,9 3,3 12,0% 0,5% 
Chile - - - - - - - - 
Colombia - - - - - - - - 
Ecuador - - - - - - - - 
Peru - - - - - - - - 
Trinidad & Tobago - - - - - - - - 
Venezuela - - - - - - - - 
Total S. & Cent. America 3,8 4,8 4,4 4,8 4,7 4,9 2,9% 0,8% 
         
Austria - - - - - - - - 
Azerbaijan - - - - - - - - 
Belarus - - - - - - - - 
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Belgium & Luxembourg 10,8 10,6 10,9 10,3 10,7 10,9 2,0% 1,7% 
Bulgaria 4,2 4,4 3,3 3,6 3,4 3,5 0,2% 0,6% 
Czech Republic 5,6 5,9 5,9 6,0 6,2 6,3 2,9% 1,0% 
Denmark - - - - - - - - 
Finland 5,5 5,4 5,6 5,4 5,4 5,2 -2,8% 0,8% 
France 102,4 102,1 99,7 99,6 92,8 96,9 4,4% 15,5% 
Germany 36,9 37,9 31,8 33,7 30,5 31,8 4,2% 5,1% 
Greece - - - - - - - - 
Hungary 3,1 3,0 3,3 3,4 3,5 3,6 2,1% 0,6% 
Republic of Ireland - - - - - - - - 
Italy - - - - - - - - 
Kazakhstan - - - - - - - - 
Lithuania 2,3 2,0 2,2 2,2 2,5 - -100,0% - 
Netherlands 0,9 0,8 1,0 0,9 1,0 0,9 -6,1% 0,1% 
Norway - - - - - - - - 
Poland - - - - - - - - 
Portugal - - - - - - - - 
Romania 1,3 1,3 1,7 2,5 2,7 2,6 -1,1% 0,4% 
Russian Federation 33,4 35,4 36,2 36,9 37,0 38,5 4,1% 6,2% 
Slovakia 4,0 4,1 3,5 3,8 3,2 3,3 3,5% 0,5% 
Spain 13,0 13,6 12,5 13,3 11,9 13,9 16,8% 2,2% 
Sweden 16,4 15,2 15,2 14,5 11,9 13,2 11,2% 2,1% 
Switzerland 5,2 6,3 6,3 6,2 6,2 6,0 -3,5% 1,0% 
Turkey - - - - - - - - 
Turkmenistan - - - - - - - - 
Ukraine 20,1 20,4 20,9 20,3 18,8 20,2 7,5% 3,2% 
United Kingdom 18,5 17,1 14,3 11,9 15,6 14,1 -10,1% 2,2% 
Uzbekistan - - - - - - - - 
Other Europe & Eurasia 1,9 1,9 1,9 2,0 1,9 1,8 -1,0% 0,3% 
Total Europe & Eurasia 285,5 287,2 276,1 276,7 265,1 272,8 2,9% 43,6% 
Total Middle East - - - - - - - - 
         
Algeria - - - - - - - - 
Egypt - - - - - - - - 
South Africa 2,9 2,7 2,8 2,7 3,1 3,1 -1,5% 0,5% 
Other Africa - - - - - - - - 
Total Africa 2,9 2,7 2,8 2,7 3,1 3,1 -1,5% 0,5% 
         
Australia - - - - - - - - 
China 12,0 12,4 14,1 15,5 15,9 16,7 5,3% 2,7% 
China Hong Kong SAR - - - - - - - - 
India 4,0 4,0 4,0 3,4 3,8 5,2 37,3% 0,8% 
Indonesia - - - - - - - - 
Japan 66,3 69,0 63,1 57,0 65,0 66,2 1,7% 10,6% 
Malaysia - - - - - - - - 
New Zealand - - - - - - - - 
Pakistan 0,6 0,6 0,6 0,4 0,6 0,6 -2,0% 0,1% 
South Korea 33,2 33,7 32,3 34,2 33,4 33,4 ♦ 5,3% 
Taiwan 9,0 9,0 9,2 9,2 9,4 9,4 0,1% 1,5% 
Thailand - - - - - - - - 
Vietnam - - - - - - - - 
Other Asia Pacific - - - - - - - - 
Total Asia Pacific 125,2 128,7 123,3 119,7 128,2 131,6 2,7% 21,0% 
Total World 626,8 635,4 622,1 619,2 614,0 626,2 2,0% 100,0% 
Source: BP Statistical Review of World Energy,2011 
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The US is the biggest nuclear power producer with 104 reactors in its 
territories. It produced 849,4 TWh from nuclear energy  in 2010 which is equal to 
192.2 MTOE. US, France and Japan combined have over 50 % of world nuclear 
energy production (World Nuclear Association,web). 
 
Turkey signed an agreement with Russia in 2010 to build its first nuclear 
power plant and is now working on the second one. According to its strategic plan, 
Turkey plans to have 3 nuclear power plants by 2023 and generate 5% of the 
country’s energy need from nuclear power. The nuclear energy will assist to meet its 
increasing electricity demand, which is expected to double within 10-15 years 
(http://www.ekemeuroenergy.org). 
 
1.3.5. Hydroelectric Energy 
Hydroelectric energy is the energy produced from converting the potential 
energy of water to kinetic energy. World total hydroelectricity consumption reached 
3427,7 TWh which is equal to 775,6 MTOE. China is the largest hydroelectric 
energy consumer (and producer) with a share of 21 % of the world total consumption 
followed by Brazil and Canada with shares of  11,6 % and 10,7 % respectively 
(BP,2011b). A full list of world hydroelectric energy consumption is given in Table 
9. 
 
Table 9 World hydroelectric consumption 
Hydroelectricity: 
Consumption  
      Change 2010 
       2010 
over 
share 
Million tonnes oil equivalent 2005 2006 2007 2008 2009 2010 2009 of total 
         
US 61,8 66,1 56,6 58,2 62,5 58,8 -6,0% 7,6% 
Canada 82,1 80,2 83,6 85,3 83,6 82,9 -0,8% 10,7% 
Mexico 6,2 6,9 6,1 8,8 6,0 8,3 38,9% 1,1% 
Total North America 150,1 153,2 146,3 152,3 152,1 149,9 -1,4% 19,3% 
         
Argentina 7,9 9,8 8,5 8,4 9,2 9,2 -0,2% 1,2% 
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Brazil 76,4 78,9 84,6 83,6 88,5 89,6 1,3% 11,6% 
Chile 6,0 6,6 5,2 5,4 5,6 4,9 -13,0% 0,6% 
Colombia 9,0 9,7 9,5 10,4 9,3 9,1 -1,6% 1,2% 
Ecuador 1,6 1,6 2,0 2,6 2,1 2,0 -6,4% 0,3% 
Peru 4,1 4,4 4,4 4,3 4,5 4,4 -1,9% 0,6% 
Trinidad & Tobago - - - - - - - - 
Venezuela 17,5 18,5 18,8 19,6 19,5 17,4 -10,7% 2,2% 
Other S. & Cent. America 18,3 18,5 19,3 19,4 19,2 20,7 7,3% 2,7% 
Total S. & Cent. America 140,6 148,0 152,4 153,9 157,9 157,2 -0,4% 20,3% 
         
Austria 7,7 7,2 7,7 7,9 8,2 7,8 -3,8% 1,0% 
Azerbaijan 0,7 0,6 0,5 0,5 0,5 0,8 49,3% 0,1% 
Belarus ^ ^ ^ ^ ^ ^ - ♦ 
Belgium & Luxembourg 0,1 0,1 0,1 0,1 0,1 0,1 21,0% ♦ 
Bulgaria 1,0 0,9 0,6 0,6 0,8 1,3 59,4% 0,2% 
Czech Republic 0,7 0,7 0,6 0,5 0,7 0,8 14,0% 0,1% 
Denmark ^ ^ ^ ^ ^ ^ 10,5% ♦ 
Finland 3,1 2,6 3,2 3,9 2,9 3,2 10,6% 0,4% 
France 11,8 12,7 13,2 13,7 13,1 14,3 9,7% 1,8% 
Germany 4,6 4,4 4,6 4,5 4,2 4,3 2,8% 0,6% 
Greece 1,3 1,5 0,8 0,9 1,3 1,7 29,0% 0,2% 
Hungary ^ ^ ^ ^ 0,1 ^ -34,7% ♦ 
Republic of Ireland 0,1 0,2 0,2 0,2 0,2 0,1 -39,1% ♦ 
Italy 8,2 8,4 7,4 9,4 11,1 11,2 0,7% 1,4% 
Kazakhstan 1,8 1,8 1,8 1,7 1,6 1,5 -5,0% 0,2% 
Lithuania 0,2 0,2 0,2 0,2 0,3 0,3 12,9% ♦ 
Netherlands ^ ^ ^ ^ ^ ^ 7,1% ♦ 
Norway 30,9 27,1 30,6 31,8 28,8 26,7 -7,2% 3,4% 
Poland 0,9 0,7 0,7 0,6 0,7 0,8 17,1% 0,1% 
Portugal 1,2 2,6 2,3 1,7 2,0 3,8 88,2% 0,5% 
Romania 4,6 4,2 3,6 3,9 3,6 4,6 27,4% 0,6% 
Russian Federation 39,5 39,6 40,5 37,7 39,9 38,1 -4,4% 4,9% 
Slovakia 1,1 1,0 1,0 1,0 1,0 1,3 22,3% 0,2% 
Spain 4,0 5,8 6,2 5,3 6,0 9,6 60,9% 1,2% 
Sweden 16,5 14,0 15,0 15,7 14,9 15,1 1,5% 2,0% 
Switzerland 7,1 7,0 8,0 8,2 8,1 8,2 0,9% 1,1% 
Turkey 9,0 10,0 8,1 7,5 8,1 11,7 44,3% 1,5% 
Turkmenistan - - - - - - - - 
Ukraine 2,8 2,9 2,3 2,6 2,7 2,9 10,2% 0,4% 
United Kingdom 1,1 1,0 1,2 1,2 1,2 0,8 -32,4% 0,1% 
Uzbekistan 1,4 1,4 1,4 2,6 2,6 2,5 -1,5% 0,3% 
Other Europe & Eurasia 19,0 18,3 17,3 18,1 19,6 22,3 13,5% 2,9% 
Total Europe & Eurasia 180,1 176,9 179,3 182,1 184,0 195,9 6,4% 25,3% 
         
Iran 3,0 4,2 4,1 1,7 1,5 2,2 47,2% 0,3% 
Israel - - - - - - - - 
Kuwait - - - - - - - - 
Qatar - - - - - - - - 
Saudi Arabia - - - - - - - - 
United Arab Emirates - - - - - - - - 
Other Middle East 1,1 1,2 1,1 0,9 0,7 0,9 26,2% 0,1% 
Total Middle East 4,1 5,4 5,1 2,6 2,1 3,0 40,5% 0,4% 
         
Algeria 0,1 ^ 0,1 0,1 0,1 ^ -49,4% ♦ 
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Egypt 2,9 2,9 3,5 3,3 2,9 3,2 10,0% 0,4% 
South Africa 0,2 0,3 0,6 0,2 0,2 0,3 17,7% ♦ 
Other Africa 16,6 16,9 17,1 17,5 18,9 19,6 3,7% 2,5% 
Total Africa 19,8 20,1 21,2 21,1 22,2 23,2 4,5% 3,0% 
         
Australia 3,6 3,6 3,3 2,7 2,6 3,4 29,8% 0,4% 
Bangladesh 0,3 0,3 0,3 0,3 0,3 0,3 0,7% ♦ 
China 89,8 98,6 109,8 132,4 139,3 163,1 17,1% 21,0% 
China Hong Kong SAR - - - - - - - - 
India 22,0 25,4 27,7 26,0 24,0 25,2 4,9% 3,2% 
Indonesia 2,4 2,2 2,6 2,6 2,6 2,6 0,5% 0,3% 
Japan 17,9 20,4 17,5 17,5 16,5 19,3 17,0% 2,5% 
Malaysia 1,2 1,6 1,5 2,0 2,0 2,1 8,0% 0,3% 
New Zealand 5,3 5,3 5,3 5,1 5,5 5,5 1,1% 0,7% 
Pakistan 6,9 6,8 7,1 6,1 6,4 6,4 0,3% 0,8% 
Philippines 1,9 2,2 1,9 2,2 2,2 1,8 -20,3% 0,2% 
Singapore - - - - - - - - 
South Korea 0,8 0,8 0,8 0,7 0,6 0,8 32,9% 0,1% 
Taiwan 0,9 0,9 1,0 0,9 0,8 0,9 11,9% 0,1% 
Thailand 1,3 1,8 1,8 1,6 1,6 1,2 -24,8% 0,2% 
Vietnam 3,7 4,5 5,1 5,9 6,8 6,3 -7,5% 0,8% 
Other Asia Pacific 5,9 6,3 6,4 6,8 6,8 7,4 8,3% 0,9% 
Total Asia Pacific 163,9 180,8 192,2 212,9 218,0 246,4 13,0% 31,8% 
         
Total World 658,6 684,4 696,5 724,7 736,3 775,6   
Source: BP Statistical Review of World Energy,2011 
 
In 2010, 10,5% of Turkey’s energy consumption was generated from 
hydroelectric energy. Turkey consumed 51,9 TWh of hydroelectric energy in 2010. 
This figure shows a change of 44,3% increase compared to 2009 BP, 2011b,p.36). 
 
Hydroelectric energy is a clean, environmental friendly and renewable energy 
resource. However, high initial investment requirement, long construction periods 
and dependency on rain are the disadvantages of this type of energy. 
 
1.3.6. Other Renewable  Energies 
Due to scarce fossil energy resources and high energy prices many countries 
are working on alternative energy projects. These projects include energy production 
from wind, biomass and waste as well as geothermal and solar power. The world 
consumed 158,6 MTOE of renewable energy. The US had the biggest share in 
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renewable energy consumption with a share of 24.7 % of the world. It is followed by 
Germany and Spain with shares of 11,7 % and 7,8 % respectively (BP,2011b, p.38). 
Table 10 provides full list of renewable energy resources consumption of the world. 
 
Table 10 Other renewable energy resources consumption 
Other renewables: Consumption    Change 2010 
      2010 
over 
share 
Million tonnes oil equivalent 1990 2000 2005 2009 2010 2009 of total 
        
US 14,4 17,7 20,6 33,6 39,1 16,3% 24,7% 
Canada 0,9 1,9 2,4 3,3 3,3 0,7% 2,1% 
Mexico 1,2 1,4 1,8 1,8 1,7 -2,6% 1,1% 
Total North America 16,5 21,1 24,9 38,7 44,2 14,1% 27,9% 
        
Argentina ^ 0,2 0,3 0,4 0,4 7,7% 0,3% 
Brazil 1,2 2,5 4,2 6,2 7,9 26,6% 5,0% 
Chile 0,1 0,2 0,4 0,7 0,8 11,0% 0,5% 
Colombia 0,1 0,1 0,1 0,2 0,2 1,2% 0,1% 
Ecuador - - ^ ^ 0,1 8,8% ♦ 
Peru ^ ^ 0,1 0,1 0,1 2,4% 0,1% 
Trinidad & Tobago ^ ^ ^ ^ ^ 25,0% ♦ 
Venezuela - - - - - - - 
Other S. & Cent. America 0,6 0,9 1,1 1,7 1,7 4,2% 1,1% 
Total S. & Cent. America 2,0 3,9 6,2 9,3 11,1 19,8% 7,0% 
        
Austria 0,3 0,4 0,9 1,4 1,4 1,3% 0,9% 
Azerbaijan - - - ^ ^ -76,2% ♦ 
Belarus - - ^ ^ ^ - ♦ 
Belgium & Luxembourg 0,1 0,2 0,6 1,3 1,5 14,7% 0,9% 
Bulgaria - ^ ^ 0,1 0,2 204,4% 0,1% 
Czech Republic - 0,1 0,2 0,5 0,6 16,9% 0,4% 
Denmark 0,2 1,3 2,2 2,3 2,5 11,5% 1,6% 
Finland 1,1 2,0 2,2 2,0 2,2 9,5% 1,4% 
France 0,4 0,7 1,1 2,8 3,4 21,4% 2,1% 
Germany 0,3 2,8 9,6 16,9 18,6 10,0% 11,7% 
Greece ^ 0,1 0,3 0,6 0,6 2,5% 0,4% 
Hungary - ^ 0,4 0,6 0,7 13,3% 0,4% 
Republic of Ireland - 0,1 0,3 0,7 0,7 -4,0% 0,4% 
Italy 0,8 1,6 3,1 4,6 5,6 22,3% 3,5% 
Kazakhstan - - - - - - - 
Lithuania - - ^ 0,1 0,1 35,4% ♦ 
Netherlands 0,1 0,6 1,6 2,3 2,2 -1,4% 1,4% 
Norway 0,1 0,1 0,2 0,3 0,3 -0,7% 0,2% 
Poland ^ 0,1 0,4 1,4 1,9 32,4% 1,2% 
Portugal 0,2 0,4 0,8 2,3 2,8 21,3% 1,7% 
Romania ^ - ^ ^ 0,1 689,5% ♦ 
Russian Federation ^ ^ 0,1 0,1 0,1 0,1% 0,1% 
Slovakia - ^ ^ 0,1 0,1 8,3% 0,1% 
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Spain 0,2 1,5 5,6 10,9 12,4 13,6% 7,8% 
Sweden 0,5 1,1 2,1 3,4 4,3 26,7% 2,7% 
Switzerland 0,1 0,2 0,3 0,3 0,3 3,1% 0,2% 
Turkey ^ 0,1 0,1 0,5 1,0 88,1% 0,6% 
Turkmenistan - - - - - - - 
Ukraine - ^ ^ ^ ^ - ♦ 
United Kingdom 0,2 1,2 2,8 4,7 4,9 4,5% 3,1% 
Uzbekistan - - - - - - - 
Other Europe & Eurasia 0,1 0,3 0,5 1,5 1,2 -21,5% 0,8% 
Total Europe & Eurasia 4,6 14,8 35,3 61,6 69,6 12,9% 43,9% 
        
Iran - - ^ ^ 0,1 5,0% ♦ 
Israel - - ^ ^ ^ - ♦ 
Kuwait - - - - - - - 
Qatar - - - - - - - 
Saudi Arabia - - - - - - - 
United Arab Emirates - - - ^ ^ 118,2% ♦ 
Other Middle East ^ ^ ^ ^ ^ 17,0% ♦ 
Total Middle East ^ ^ ^ 0,1 0,1 8,1% ♦ 
        
Algeria - - - - - - - 
Egypt - ^ 0,1 0,2 0,3 38,0% 0,2% 
South Africa - 0,1 0,1 0,1 0,1 2,7% ♦ 
Other Africa 0,1 0,2 0,4 0,6 0,7 16,6% 0,4% 
Total Africa 0,1 0,3 0,6 0,9 1,1 21,1% 0,7% 
        
Australia 0,1 0,3 0,6 1,3 1,5 11,5% 0,9% 
Bangladesh - - - - - - - 
China ^ 0,7 1,0 6,9 12,1 74,5% 7,6% 
China Hong Kong SAR - - - ^ ^ - ♦ 
India ^ 0,7 1,8 4,6 5,0 9,2% 3,2% 
Indonesia 0,3 1,1 1,5 2,1 2,1 0,1% 1,3% 
Japan 2,8 4,2 6,3 5,4 5,1 -4,5% 3,2% 
Malaysia - - ^ ^ ^ 28,7% ♦ 
New Zealand 0,6 0,8 1,0 1,6 1,8 17,2% 1,2% 
Pakistan - - - - - - - 
Philippines 1,2 2,6 2,2 2,4 2,3 -3,7% 1,4% 
Singapore - - - - - - - 
South Korea - 0,1 0,1 0,4 0,5 13,6% 0,3% 
Taiwan - 0,4 0,8 1,0 1,0 6,0% 0,6% 
Thailand ^ 0,3 0,7 1,1 1,1 ♦ 0,7% 
Vietnam - - - - - - - 
Other Asia Pacific - ^ ^ ^ ^ 7,6% ♦ 
Total Asia Pacific 5,0 11,2 16,0 26,7 32,6 21,7% 20,5% 
        
Total World 28,1 51,2 83,1 137,4 158,6 15,5% 100,0% 
Source: BP Statistical Review of World Energy, 2011 
 
Turkey consumed 1 MTOE of renewables in 2010.  Although its shares in 
global consumption and primary energy resource of the country are  less than 1 % 
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the increase of the consumption from the previous year, which was 88,1 %, is an 
important sign of a new energy policy on alternative resources (BP, 2011b, p.38). 
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CHAPTER TWO 
2. NATURAL GAS AND LNG SUPPLY CHAIN 
2.1. NATURAL GAS 
Natural gas is a fossil fuel which mainly consists of methane(CH4) but also 
ethane, propane and other heavier hydrocarbons and a small proportion of water, 
nitrogen, helium, carbon dioxide and sulphur compounds (Foss, 2003, p.10). It is 
found as associated gas in oil reserves or in non-associated gas reserves. Figure 3 
shows a geological  illustration of typical natural gas reserves.  Today about 40 % of 
the natural gas is extracted from non associated reserves. Once it is extracted from its 
reservoir, heavy gases such as butane, pentane etc. are removed before it is sent for 
use. When natural gas is burned, CO2, water and NOx gases are released from the 
reaction (Akbaba, 2007, p.1).  
  
 
Figure 3 Natural gas reserves 
Source:www.eia.gov 
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2.1.1. History of Natural Gas  
There are evidences that natural gas usage goes back to 9000 B.C in China. 
The first natural gas discovery in Europe was in 1659, but it was not until 1790 
before it was used in daily life. Primarily it was used in heating and lighting but later 
it was used in  industry, internal combustion engines, as feedstock for the 
petrochemical industry, generation of electricity and in agriculture. From the 1920’s 
and especially after World War II, with the aid of pipeline networks wide use of 
natural gas has started and increased since then (Akbaba, 2007, p.1). The first 
commercial natural gas extraction was in Wyoming in 1915 and the first liquefaction 
plant was constructed in Virginia in 1917.  The first LNG peakshaving facility 
constructed in West Virginia in 1939 and the first large scale LNG tank was 
constructed in Cleveland, Ohio in 1941 (Foss, 2003, p.50).  
2.1.2. Natural Gas Reserves 
World natural gas reserves were reported to be 187,1 trillion cubic meters in 2010 
with the Russian Federation having the largest reserves of 44,8 trillion cubic meters. 
Russia is accounted for 24 % of world natural gas reserves.  It is followed by Iran 
with 15,8 % and Qatar with 13,5 % of world total reserves (BP, 2011b, p.20). Table 
11 provides the full list of proven reserves as of 2010. 
 
Table 11 Proven natural gas reserves 
Natural gas: 
 Proved reserves 
at end 1990 at end 2000 at end 2009 at end 2010 
 Trillion 
cubic 
meters 
Trillion 
cubic 
meters 
Trillion 
cubic 
meters 
Trillion 
cubic 
meters 
Share 
of total 
R/P 
ratio  
 
       
US 4,8 5,0 7,7 7,7 4,1% 12,6 
Canada 2,7 1,7 1,7 1,7 0,9% 10,8 
Mexico 2,0 0,8 0,5 0,5 0,3% 8,9 
Total North America 9,5 7,5 9,9 9,9 5,3% 12,0 
       
Argentina 0,7 0,8 0,4 0,3 0,2% 8,6 
Bolivia 0,1 0,7 0,7 0,3 0,2% 19,5 
Brazil 0,1 0,2 0,4 0,4 0,2% 28,9 
Colombia 0,1 0,1 0,1 0,1 0,1% 11,0 
Peru 0,3 0,2 0,4 0,4 0,2% 48,8 
Trinidad & Tobago 0,3 0,6 0,4 0,4 0,2% 8,6 
Venezuela 3,4 4,2 5,1 5,5 2,9% * 
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Other S. & Cent. America 0,2 0,1 0,1 0,1  22,4 
Total S. & Cent. America 5,2 6,9 7,5 7,4 4,0% 45,9 
       
Azerbaijan n/a 1,2 1,3 1,3 0,7% 84,2 
Denmark 0,1 0,1 0,1 0,1  6,4 
Germany 0,2 0,2 0,1 0,1  6,5 
Italy 0,3 0,2 0,1 0,1  11,1 
Kazakhstan n/a 1,8 1,9 1,8 1,0% 54,9 
Netherlands 1,8 1,5 1,2 1,2 0,6% 16,6 
Norway 1,7 1,3 2,0 2,0 1,1% 19,2 
Poland 0,2 0,1 0,1 0,1 0,1% 29,2 
Romania 0,1 0,3 0,6 0,6 0,3% 54,4 
Russian Federation n/a 42,3 44,4 44,8 23,9% 76,0 
Turkmenistan n/a 2,6 8,0 8,0 4,3% * 
Ukraine n/a 1,0 1,0 0,9 0,5% 50,4 
United Kingdom 0,5 1,2 0,3 0,3 0,1% 4,5 
Uzbekistan n/a 1,7 1,6 1,6 0,8% 26,4 
Other Europe & Eurasia 49,7 0,5 0,4 0,3 0,2% 28,3 
Total Europe & Eurasia 54,5 55,9 63,0 63,1 33,7% 60,5 
       
Bahrain 0,2 0,1 0,2 0,2 0,1% 16,7 
Iran 17,0 26,0 29,6 29,6 15,8% * 
Iraq 3,1 3,1 3,2 3,2 1,7% * 
Kuwait 1,5 1,6 1,8 1,8 1,0% * 
Oman 0,3 0,9 0,7 0,7 0,4% 25,5 
Qatar 4,6 14,4 25,3 25,3 13,5% * 
Saudi Arabia 5,2 6,3 7,9 8,0 4,3% 95,5 
Syria 0,2 0,2 0,3 0,3 0,1% 33,2 
United Arab Emirates 5,6 6,0 6,1 6,0 3,2% * 
Yemen 0,2 0,5 0,5 0,5 0,3% 78,3 
Other Middle East  ^  0,1 0,1 0,2 0,1% 62,1 
Total Middle East 38,0 59,1 75,7 75,8 40,5% * 
       
Algeria 3,3 4,5 4,5 4,5 2,4% 56,0 
Egypt 0,4 1,4 2,2 2,2 1,2% 36,0 
Libya 1,2 1,3 1,5 1,5 0,8% 98,0 
Nigeria 2,8 4,1 5,3 5,3 2,8% * 
Other Africa 0,8 1,1 1,2 1,2 0,6% 65,7 
Total Africa 8,6 12,5 14,7 14,7 7,9% 70,5 
       
Australia 0,9 2,2 2,9 2,9 1,6% 58,0 
Bangladesh 0,7 0,3 0,4 0,4 0,2% 18,3 
Brunei 0,3 0,4 0,3 0,3 0,2% 24,7 
China 1,0 1,4 2,8 2,8 1,5% 29,0 
India 0,7 0,8 1,1 1,5 0,8% 28,5 
Indonesia 2,9 2,7 3,0 3,1 1,6% 37,4 
Malaysia 1,6 2,3 2,4 2,4 1,3% 36,1 
Myanmar 0,3 0,3 0,3 0,3 0,2% 27,5 
Pakistan 0,6 0,7 0,8 0,8 0,4% 20,9 
Papua New Guinea 0,2 0,4 0,4 0,4 0,2% * 
Thailand 0,2 0,4 0,3 0,3 0,2% 8,6 
Vietnam  ^  0,2 0,7 0,6 0,3% 66,0 
Other Asia Pacific 0,3 0,3 0,4 0,4 0,2% 20,4 
Total Asia Pacific 9,9 12,3 15,8 16,2 8,7% 32,8 
              
Total World 125,7 154,3 186,6 187,1 100,0% 58,6 
Source: BP Statistical Review of World Energy,2011 
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Turkey has 23,84 billion cubic meters of natural gas reserves of which 18,25 bcm are 
recoverable (BOTAS,web). On the other hand a new exploration project on the Black 
Sea coast is under development. 
2.1.3. Natural Gas Production 
The world produced 3193,3 billion cubic meters of natural gas in 2010 and 
the US was the largest producer with a 19,3 % share. It was followed by Russia with 
18,4 % and Canada 5 % of the world total production (BP, 2011b, p.22). 
 
Table 12 World natural gas production 
Natural Gas: 
Production * 
       Change 
2010 over 
2009 
2010 
       Share of 
total Billion cubic meters 2000 2005 2006 2007 2008 2009 2010 
          
US 543,2 511,1 524,0 545,6 570,8 582,8 611,0 4,7% 19,3% 
Canada 182,2 187,1 188,4 182,5 176,4 163,9 159,8 -2,5% 5,0% 
Mexico 38,3 45,0 51,5 53,6 54,2 54,9 55,3 0,7% 1,7% 
Total North America 763,7 743,3 763,9 781,6 801,5 801,6 826,1 3,0% 26,0% 
          
Argentina 37,4 45,6 46,1 44,8 44,1 41,4 40,1 -3,0% 1,3% 
Bolivia 3,2 11,9 12,9 13,8 14,3 12,3 14,4 16,8% 0,4% 
Brazil 7,5 11,0 11,3 11,2 13,7 11,7 14,4 23,5% 0,5% 
Colombia 5,9 6,7 7,0 7,5 9,1 10,5 11,3 7,2% 0,4% 
Peru 0,3 1,5 1,8 2,7 3,4 3,5 7,2 108,4% 0,2% 
Trinidad & Tobago 14,5 31,0 36,4 39,0 39,3 40,6 42,4 4,4% 1,3% 
Venezuela 27,9 27,4 31,5 29,5 30,0 28,7 28,5 -0,7% 0,9% 
Other S. & Cent. America 3,4 3,4 4,1 3,9 3,7 3,2 2,9 -9,9% 0,1% 
Total S. & Cent. America 100,2 138,6 151,1 152,5 157,6 151,9 161,2 6,2% 5,0% 
          
Azerbaijan 5,1 5,2 6,1 9,8 14,8 14,8 15,1 2,2% 0,5% 
Denmark 8,2 10,4 10,4 9,2 10,1 8,4 8,2 -3,0% 0,3% 
Germany 16,9 15,8 15,6 14,3 13,0 12,2 10,6 -12,7% 0,3% 
Italy 15,2 11,1 10,1 8,9 8,5 7,3 7,6 3,6% 0,2% 
Kazakhstan 10,4 22,6 23,9 26,8 29,8 32,5 33,6 3,3% 1,1% 
Netherlands 58,1 62,5 61,6 60,5 66,6 62,7 70,5 12,4% 2,2% 
Norway 49,7 85,0 87,6 89,7 99,3 103,7 106,4 2,5% 3,3% 
Poland 3,7 4,3 4,3 4,3 4,1 4,1 4,1 0,5% 0,1% 
Romania 13,8 12,4 11,9 11,5 11,4 11,3 10,9 -2,9% 0,3% 
Russian Federation 528,5 580,1 595,2 592,0 601,7 527,7 588,9 11,6% 18,4% 
Turkmenistan 42,5 57,0 60,4 65,4 66,1 36,4 42,4 16,4% 1,3% 
Ukraine 16,2 18,6 18,7 18,7 19,0 19,3 18,6 -3,8% 0,6% 
United Kingdom 108,4 88,2 80,0 72,1 69,6 59,7 57,1 -4,3% 1,8% 
Uzbekistan 51,1 54,0 54,5 59,1 62,2 60,0 59,1 -1,5% 1,8% 
Other Europe & Eurasia 11,1 10,9 11,5 10,8 10,3 9,7 10,0 3,0% 0,3% 
Total Europe & Eurasia 938,9 1038,0 1051,7 1053,2 1086,5 969,8 1043,1 7,6% 32,6% 
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Bahrain 8,8 10,7 11,3 11,8 12,7 12,8 13,1 2,4% 0,4% 
Iran 60,2 103,5 108,6 111,9 116,3 131,2 138,5 5,6% 4,3% 
Iraq 3,2 1,5 1,5 1,5 1,9 1,2 1,3 8,7%  
Kuwait 9,6 12,2 12,5 12,1 12,8 11,2 11,6 3,5% 0,4% 
Oman 8,7 19,8 23,7 24,0 24,1 24,8 27,1 9,4% 0,8% 
Qatar 23,7 45,8 50,7 63,2 77,0 89,3 116,7 30,7% 3,6% 
Saudi Arabia 49,8 71,2 73,5 74,4 80,4 78,5 83,9 7,0% 2,6% 
Syria 5,5 5,5 5,7 5,6 5,3 5,7 7,8 37,3% 0,2% 
United Arab Emirates 38,4 47,8 49,0 50,3 50,2 48,8 51,0 4,5% 1,6% 
Yemen - - - - - 0,8 6,2 704,6% 0,2% 
Other Middle East 0,3 1,9 2,6 3,0 3,7 3,1 3,5 15,0% 0,1% 
Total Middle East 208,1 319,9 339,1 357,8 384,3 407,1 460,7 13,2% 14,4% 
          
Algeria 84,4 88,2 84,5 84,8 85,8 79,6 80,4 1,1% 2,5% 
Egypt 21,0 42,5 54,7 55,7 59,0 62,7 61,3 -2,2% 1,9% 
Libya 5,9 11,3 13,2 15,3 15,9 15,9 15,8 -0,6% 0,5% 
Nigeria 12,5 22,4 28,4 35,0 35,0 24,8 33,6 35,7% 1,1% 
Other Africa 6,5 9,9 10,4 12,3 15,8 16,3 17,8 9,4% 0,6% 
Total Africa 130,3 174,3 191,2 203,1 211,5 199,2 209,0 4,9% 6,5% 
          
Australia 31,2 37,2 40,2 41,9 41,6 47,9 50,4 5,1% 1,6% 
Bangladesh 10,0 14,5 15,3 16,3 17,9 19,7 20,0 1,3% 0,6% 
Brunei 11,3 12,0 12,6 12,3 12,2 11,4 12,2 6,7% 0,4% 
China 27,2 49,3 58,6 69,2 80,3 85,3 96,8 13,5% 3,0% 
India 26,4 29,6 29,3 30,1 30,5 39,2 50,9 29,7% 1,6% 
Indonesia 65,2 71,2 70,3 67,6 69,7 71,9 82,0 14,0% 2,6% 
Malaysia 45,3 61,1 63,3 64,6 64,7 64,1 66,5 3,7% 2,1% 
Myanmar 3,4 12,2 12,6 13,5 12,4 11,5 12,1 4,9% 0,4% 
Pakistan 21,5 35,5 36,1 36,8 37,5 38,4 39,5 2,7% 1,2% 
Thailand 20,2 23,7 24,3 26,0 28,8 30,9 36,3 17,4% 1,1% 
Vietnam 1,6 6,4 7,0 7,1 7,5 8,0 9,4 16,7% 0,3% 
Other Asia Pacific 9,0 11,1 14,2 16,9 17,7 17,9 17,3 -3,4% 0,5% 
Total Asia Pacific 272,1 363,9 383,7 402,2 420,7 446,4 493,2 10,5% 15,4% 
          
Total World 2413,4 2778,0 2880,7 2950,5 3062,1 2975,9 3193,3 7,3% 100,0% 
Source: BP Statistical Review of World Energy,2011 
 
Turkey has produced 726 million cubic meters of natural gas in 2010 which is 
equal to 1,8  % of the country’s consumption (PIGM, web).  
 
2.1.4. Natural Gas Consumption 
The world consumed 3169 billion cubic meters of natural gas in 2010. The 
US was the biggest consumer with a share of 21,7 % of world total consumption. It 
was followed by Russia with a share of 13 % and Iran with a share of 4,3 % of the 
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total consumption (BP, 2011b, p.23).  Annual natural gas consumption by country is 
given in Table 13. 
 
Table 13 Natural gas annual consumption 
Natural Gas: Consumption        Change 
2010 over 
2009 
2010 
Share  
of total 
        
Billion cubic meters 2000 2005 2006 2007 2008 2009 2010 
          
US 660,7 623,3 614,1 654,0 658,9 646,7 683,4 5,6% 21,7% 
Canada 92,7 97,8 96,9 95,2 95,5 94,4 93,8 -0,6% 3,0% 
Mexico 41,0 53,8 60,9 62,8 66,4 66,6 68,9 3,4% 2,2% 
Total North America 794,4 774,9 771,9 812,1 820,8 807,7 846,1 4,7% 26,9% 
          
Argentina 33,2 40,4 41,8 43,9 44,4 43,2 43,3 0,4% 1,4% 
Brazil 9,4 19,7 20,8 21,1 24,6 19,8 26,5 33,8% 0,8% 
Chile 6,5 8,4 7,8 4,6 2,7 3,1 4,7 51,0% 0,1% 
Colombia 5,9 6,7 7,0 7,4 7,6 8,7 9,1 4,3% 0,3% 
Ecuador 0,3 0,4 0,7 0,5 0,5 0,5 0,5 -6,0%  
Peru 0,3 1,5 1,8 2,7 3,4 3,5 5,4 56,0% 0,2% 
Trinidad & Tobago 10,6 15,1 20,2 20,3 21,9 20,9 22,0 5,5% 0,7% 
Venezuela 27,9 27,4 31,5 29,6 31,5 30,5 30,7 0,6% 1,0% 
Other S. & Cent. America 1,8 3,3 3,9 4,5 4,7 5,1 5,6 9,9% 0,2% 
Total S. & Cent. America 96,0 122,9 135,5 134,6 141,3 135,1 147,7 9,3% 4,7% 
          
Austria 8,1 10,0 9,4 8,9 9,5 9,3 10,1 8,6% 0,3% 
Azerbaijan 5,2 8,6 9,1 8,0 9,2 7,8 6,6 -15,9% 0,2% 
Belarus 15,7 18,4 19,0 18,8 19,2 16,1 19,7 22,3% 0,6% 
Belgium & Luxembourg 15,6 17,1 17,1 17,0 17,2 17,5 19,4 10,9% 0,6% 
Bulgaria 3,3 3,1 3,2 3,2 3,2 2,3 2,6 10,1% 0,1% 
Czech Republic 8,3 9,6 9,3 8,7 8,7 8,2 9,3 13,7% 0,3% 
Denmark 4,9 5,0 5,1 4,6 4,6 4,4 4,9 12,2% 0,2% 
Finland 3,7 4,0 4,2 3,9 4,0 3,6 3,9 9,9% 0,1% 
France 39,3 44,0 42,1 42,4 43,8 42,2 46,9 11,1% 1,5% 
Germany 79,5 86,2 87,2 82,9 81,2 78,0 81,3 4,2% 2,6% 
Greece 2,0 2,7 3,1 3,8 4,0 3,4 3,7 8,2% 0,1% 
Hungary 10,7 13,4 12,7 11,9 11,8 10,1 10,9 7,7% 0,3% 
Republic of Ireland 3,8 3,9 4,5 4,8 5,0 4,8 5,3 10,8% 0,2% 
Italy 64,9 79,1 77,4 77,8 77,8 71,5 76,1 6,4% 2,4% 
Kazakhstan 9,5 26,8 28,1 26,4 27,2 24,5 25,3 2,9% 0,8% 
Lithuania 2,7 3,3 3,2 3,6 3,2 2,7 3,1 14,3% 0,1% 
Netherlands 38,9 39,3 38,1 37,0 38,6 38,9 43,6 12,1% 1,4% 
Norway 4,0 4,5 4,4 4,3 4,3 4,1 4,1 -0,5% 0,1% 
Poland 11,1 13,6 13,7 13,8 13,9 13,4 14,3 7,1% 0,5% 
Portugal 2,4 4,2 4,1 4,3 4,6 4,7 5,0 6,7% 0,2% 
Romania 17,1 17,6 18,1 16,1 15,9 13,3 13,3 0,6% 0,4% 
Russian Federation 354,0 400,3 408,5 422,1 416,0 389,6 414,1 6,3% 13,0% 
Slovakia 6,5 6,6 6,0 5,7 5,7 4,9 5,6 14,5% 0,2% 
Spain 16,9 32,4 33,7 35,1 38,6 34,6 34,4 -0,3% 1,1% 
Sweden 0,7 0,8 0,9 1,0 0,9 1,1 1,6 38,9% 0,1% 
Switzerland 2,7 3,1 3,0 2,9 3,1 3,0 3,3 10,5% 0,1% 
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Turkey 14,6 26,9 30,5 36,1 37,5 35,7 39,0 9,2% 1,2% 
Turkmenistan 12,2 16,1 18,4 21,3 20,5 19,9 22,6 13,5% 0,7% 
Ukraine 71,0 69,0 67,0 63,2 60,0 47,0 52,1 11,0% 1,6% 
United Kingdom 96,9 95,0 90,1 91,1 93,8 86,7 93,8 8,3% 3,0% 
Uzbekistan 45,7 42,7 41,9 45,9 48,7 43,5 45,5 4,6% 1,4% 
Other Europe & Eurasia 13,2 15,9 16,4 17,0 16,1 13,7 15,7 14,9% 0,5% 
Total Europe & Eurasia 985,3 1122,8 1129,5 1143,5 1148,2 1060,5 1137,2 7,2% 35,8% 
          
Iran 62,9 105,0 108,7 113,0 119,3 131,4 136,9 4,2% 4,3% 
Israel ^ 1,7 2,3 2,8 4,1 4,5 5,3 17,5% 0,2% 
Kuwait 9,6 12,2 12,5 12,1 12,8 12,1 14,4 18,8% 0,5% 
Qatar 9,7 18,7 19,6 19,3 19,3 20,0 20,4 2,0% 0,6% 
Saudi Arabia 49,8 71,2 73,5 74,4 80,4 78,5 83,9 7,0% 2,6% 
United Arab Emirates 31,4 42,1 43,4 49,2 59,5 59,1 60,5 2,5% 1,9% 
Other Middle East 23,3 28,4 31,5 32,3 36,5 38,6 44,1 14,1% 1,4% 
Total Middle East 186,7 279,2 291,5 303,1 331,9 344,1 365,5 6,2% 11,5% 
          
Algeria 19,8 23,2 23,7 24,3 25,4 27,2 28,9 6,0% 0,9% 
Egypt 20,0 31,6 36,5 38,4 40,8 42,5 45,1 6,0% 1,4% 
South Africa 1,2 3,1 3,5 3,5 3,7 3,4 3,8 13,8% 0,1% 
Other Africa 17,4 25,0 24,4 28,3 30,2 25,7 27,1 5,5% 0,9% 
Total Africa 58,4 83,0 88,1 94,4 100,1 98,9 105,0 6,1% 3,3% 
          
Australia 20,5 22,0 25,3 27,6 28,8 30,7 30,4 -1,2% 1,0% 
Bangladesh 10,0 14,5 15,3 16,3 17,9 19,7 20,0 1,3% 0,6% 
China 24,5 46,8 56,1 70,5 81,3 89,5 109,0 21,8% 3,4% 
China Hong Kong SAR 3,0 2,7 2,9 2,7 3,2 3,1 3,8 24,3% 0,1% 
India 26,4 35,7 37,3 40,1 41,3 51,0 61,9 21,5% 1,9% 
Indonesia 29,7 33,2 33,2 31,3 33,3 37,4 40,3 7,8% 1,3% 
Japan 72,3 78,6 83,7 90,2 93,7 87,4 94,5 8,1% 3,0% 
Malaysia 24,1 31,4 33,7 33,4 33,8 33,7 35,7 6,2% 1,1% 
New Zealand 5,6 3,6 3,7 4,1 3,8 3,9 4,1 4,2% 0,1% 
Pakistan 21,5 35,5 36,1 36,8 37,5 38,4 39,5 2,7% 1,2% 
Philippines ^ 3,3 2,6 3,2 3,3 3,3 3,1 -5,8% 0,1% 
Singapore ^ 6,8 7,1 8,6 8,2 8,1 8,4 4,2% 0,3% 
South Korea 18,9 30,4 32,0 34,7 35,7 33,9 42,9 26,5% 1,4% 
Taiwan 6,8 10,3 11,1 11,8 11,6 11,3 14,1 24,3% 0,4% 
Thailand 22,0 32,5 33,3 35,4 37,4 39,2 45,1 15,0% 1,4% 
Vietnam 1,6 6,4 7,0 7,1 7,5 8,0 9,4 16,7% 0,3% 
Other Asia Pacific 3,9 5,2 5,5 6,0 5,7 5,2 5,3 3,6% 0,2% 
Total Asia Pacific 290,8 398,9 426,0 459,6 484,0 503,9 567,6 12,6% 17,9% 
          
Total World 2411,7 2781,8 2842,4 2947,4 3026,4 2950,2 3169,0 7,4% 100,0% 
Source: BP Statistical Review of World Energy,2011 
 
Turkey consumed 39 billion cubic meters of natural gas in 2010 (BP,2011b, 
p.23). This figure was 9,2 % higher than the 2009 consumption and in fact it is the 
highest annual consumption so far. 
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2.2.  NATURAL GAS DEMAND PROJECTIONS 
 
Striving for better living standards, population and economic growth will 
push the global energy demand upwards. An important task for states and energy 
companies is to find secure, reliable and cost efficient energy to meet the increasing 
demand (ExxonMobil, 2011, p.6). Correct forecasting of the demand plays an 
important role in planning energy policies and practices. In this respect, there are 
many studies on energy and natural gas consumption projection in many countries, 
but there are also worldwide projections. In this study there are  three sources 
referred to and compared for natural gas demand projections. These sources are EIA 
Energy Outlook, ExxonMobil Outlook for Energy A View to 2030 and BP Energy 
Outlook 2030.  
 
ExxonMobil projects that global energy demand will be 35 % higher in 2030 
compared to 2005 with 1,2 % of annual growth. In fact, according to their study, if 
the energy efficiency stays at the level of 2005 then the global energy demand will 
be 95% higher compared to the 2005 level. In other words, 65 % of energy demand 
growth will be met by energy efficiency gains only (ExxonMobil,2009, p.12). Oil 
and gas will gain share in global energy demand while coal is declining due to its 
higher carbon emissions. Natural gas growth is expected to be 1,8 % annually 
between 2005 and 2030. (ExxonMobil, 2009, p.26) 
 
The BP outlook shows very similar  results, which are 39 % growth in global 
energy demand between 2010 and 2030 with an average annual growth rate of 1,7 %, 
but a slower rate after 2020. It estimates the annual natural gas demand growth as 2,1 
% for the same period (BP, 2011a, p.17).  Table 14 which is based on the BP 
outlook, gives natural gas demand by region between 2005 and 2030. 
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Table 14 Regional natural gas demand projection (2005 – 2030) 
The Regional Distribution of Increase of World’s Gas Demand (2005 – 2030) 
Region / 
Country 
Gas Demand in 
2005 
Gas Demand in 
2030 
Total Increase 
2005 – 2030 
Annual Increase 
2005 – 2030 
EU 541 744 37% 1,3 % 
OECD 550 771 40% 1,4 % 
China 51 238 366% 6,4 % 
India 35 112 220% 4,8 % 
World 2.854 4.779 67% 2,2%  
Source: www.petform.org.tr  
 
The US Energy Information Administration’s International Energy Outlook 
estimates natural gas consumption to expand by an average of 1,8 % per year from 
2007 to 2020. From 2020 to 2035, the growth in consumption of natural gas slows to 
an average of 0,9 % per annum (EIA, 2010b, p.41). 
 
Turkey has a geopolitical position sitting between the Caspian Region which 
is a promising natural gas supplier, and Europe, which is a big natural gas consumer. 
Taking the benefit of its geopolitical and strategic position, Turkey can play an 
energy corridor role between the two regions.  This will both give direct access to 
Caspian Region gas reserves and also benefit from transit fees for pipelines going to 
Europe. 
 
According to a study by Eurogas, the share of natural gas in European energy 
demand will rise to 30% in 2030.  However, the actual gas demand will increase by 
43% by 2030 compared to 2005 consumption. In 2005, 41 % of gas demand was met 
by imports and this is expected to rise close to 75 % by 2030 (Eurogas, 2007, p. 6). 
To avoid a demand-supply mismatch, Europe is working on projects to develop gas 
pipelines from its neighboring countries. “There are a number of on-going initiatives 
to develop gas pipelines between Europe and its eastern and southern neighbours. 
These include the north stream (between Russia and the EU via the Baltic Sea), the 
south stream (between Russia and the EU via the Black Sea) and Nabucco 
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(connecting the Caspian region and Middle East to the EU); all three are scheduled to 
be in operation (at the latest) by the end of 2015.” (Eurostat, web) 
 
2.3. CASPIAN REGION GAS RESERVES   
 
The Caspian Sea is a closed sea with a coast of 700 miles bordered by 
Azerbaijan, Iran, Kazakhstan, Russia and Turkmenistan. When the Soviet Union 
dissolved in 1991 Azerbaijan, Kazakhstan, and Turkmenistan declared their 
independency. The region historically has produced oil and natural gas, but its 
reserves are considered to be capable of much greater production (USA Congress 
rep.,2006, p.3) 
 
The bordering countries of the Caspian Sea sit on almost one third of the 
world natural gas reserves but until the collapse of the Soviet Union, there was little 
interest or work done to deliver the region’s natural hydrocarbon reserves to the rest 
of the world. Proven natural gas reserves of the region’s countries are approximately 
58 trillion cubic meters. However the estimates of these reserves change significantly 
from one source to another, figures are intentionally shown either high or low, 
depending on the interest of the party, but on the other hand there are many 
undiscovered or unstudied reserves in the region, which leads to underestimation of 
the real reserves. 
 
2.3.1. Caspian Region Countries Anaysis 
2.3.1.1. Russia 
 
According to the BP 2011 report, Russia holds the world’s largest natural gas 
reserves, with 44,8 trillion cubic meters (tcm), and Russia’s reserves account for 24 
% of the world’s total proven reserves (BP, 2011b, p.20). The biggest reserves are 
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located in Siberia and northern Russia, but on the Caspian coast there are also 
significant reserves (EIA,web). Figure 4 shows the top ten proven natural gas 
reserves holders and their reserves in tcf. 
 
 
Figure 4 Top proven natural gas reserve holders, 2010 
Source:www.eia.gov 
 
 
In 2010, the US was the largest producer of natural gas with 611 bcm of gas 
produced and it was followed by Russia with 589 bcm. However, Russia exported 
200 bcm of natural gas which placed it as  the biggest natural gas exporter. (EIA, 
web) 
2.3.1.2. Azerbaijan 
According to the BP Statistical Review of World Energy 2011, Azerbaijan 
has proven natural gas reserves of 1,3 trillion cubic meters. Despite its vast reserves 
Azerbaijan was a natural gas importer from Russia until 2007. However, Azerbaijan  
started to export gas in 2007 when Shah Deniz offshore field started production 
(EIA,web). Azerbaijan's natural gas is mainly located in offshore fields in the 
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Caspian Sea.The developments of the offshore fields are expected to increase 
Azerbaijan's natural gas production. 
 
In 2010,  Azerbaijan produced 15,1 billion cubic meters of  natural gas and  
exported 6,45 billion cubic meters, mainly to Turkey via the South Caucasus Pipeline 
(SCP) (BP, 2011b, pp.22,28).  
 
2.3.1.3. Kazakhstan  
   
Kazakhstan’s natural gas reserves are reported as 1,8 trillion cubic meters as 
of the end of 2010 (BP, 2011b, p.22). Kazakhstan serves mainly as a transit state for 
natural gas pipeline exports from Uzbekistan and Turkmenistan to Russia and China 
and it was importing gas due to lack of pipeline network and insufficient production 
(EIA,web).  
 
Steadily increasing gas production tripled between the years of 2000 and 
2010 from 10,4 bcm to 33,6 bcm. In 2009, for the first time exports exceeded 
imports, which made Kazakhstan a net gas exporter. In 2010, the country exported 
11,95 bcm of natural gas (BP, 2011b, p.28). 
 
2.3.1.4. Iran  
 According to BP, Iran’s estimated proven natural gas reserves stand at 29,6 
trillion cubic meters in 2010, second only to Russia.  Both production and 
consumption have grown rapidly over the past 20 years. Iran produced 138,5 bcm of 
gas in 2010 and it exported 8,42 bcm of it mainly to Turkey (BP, 2011b, p.28). A 
considerable amount of gas is used for re-injection in oil production (EIA,web). 
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2.3.1.5. Turkmenistan 
Turkmenistan ranks fourth in the world to Russia, Iran and the United States 
in natural gas reserves. Turkmenistan's gas reserves are reported as 8,0  trillion cubic 
meters in the BP report. However, Turkmenistan official sources claim its 
prospecting potential is up to 21 trillion cubic meters (Turkmenistan.ru,web). In 
2010, Turkmenistan produced 42,4 bcm of gas and it exported 19,73 bcm (BP, 
2011b, pp.22,28). 
 
2.4.  WORLD NATURAL GAS TRADE 
 
The world natural gas trade volume reached 975,22 bcm in 2010. The share 
of pipeline trade was 677,59 bcm while the LNG share was 297,93 bcm. In other 
words, the percentage of pipeline and LNG was 69,5% and 30,5 % respectively. 
Russia was the biggest gas exporter with a volume of 199,85 bcm while Norway 
placed as the second biggest exporter with 100,59 bcm. They were followed by Qatar 
with 94,90 bcm (BP, 2011b, p.28). 
 
On the import side, the US was the biggest player with an import of 105,48 
bcm of gas. It was followed by Japan with 93,48 and Germany with 92,82 bcm. The 
BP natural gas trade movements table provides a comprehensive list of all imports 
and  exports of gas, but due to size limitation, is not placed in this study. However, it 
can be reached at the  following link:  
http://www.bp.com/liveassets/bp_internet/globalbp/globalbp_uk_english/reports_and
_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/natural_ga
s_section_2011.pdf
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CHAPTER THREE 
3. LIQUEFIED NATURAL GAS (LNG) and LNG SUPPLY CHAIN 
3.1. LIQUEFIED NATURAL GAS  
Liquefied Natural Gas is the liquid form of the natural gas and it is known 
with its abreviation: LNG.  Transportation of gases is usually done by liquefaction of 
the gas. This enables much more economic and much safer transportation. For heavy 
petroleum products such as propane, butane etc. compression at high pressure is 
sufficient to liquefy the product. However, due to methane’s chemical properties 
liquefaction of natural gas by pressure is not a convenient method, instead cooling to 
-163 ° C is the commonly method used for liquefaction. 
 
3.2. LNG  SUPPLY CHAIN 
In an LNG supply chain there are 5 major players. These are producer, export 
terminal, LNG vessel , import terminal and distribution company. The producer does 
the exploration and extraction of the natural gas and it sends it to the export terminal. 
Here, the gas is filtered, separated from other substances and cooled for liquefaction 
and stored for delivery to the ship. In pre-treatment process impurities which can 
solidify during the liquefaction such as water, nitrogen, corbondioxide and sulphur 
compounds  removed (Foss, 2003, p. 10). LNG vessels transport the LNG between 
import and export terminals and keep the LNG at the right temperature and right 
condition. The receiving (import) terminal stores the LNG until it is needed and 
when required it regasifies the LNG before it is sent to the distributor’s network. 
Figure 5 illustrates the supply chain of LNG. 
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Figure 5  LNG supply chain 
Source: http://www.rabaska.net/lng 
 
 
In order to understand the issues and business of the LNG industry the roles 
and duties of each player in the supply chain need to be understood. Since LNG 
projects are capital intensive they are developed as integrated chain of facilities and 
companies (Alavi, 2003, p. 28). Unlike any other type of port and shipping sector, in 
many cases after signing of LNG import-export agreements the port and terminal 
facilities are built and LNG vessels are ordered. Although it differs from project to 
project, the liquefaction process and shipping costs represent about 50 % of the total 
cost  of well to end user delivery (Alavi, 2003, p. 28). A typical illustration of cost of 
delivery in an LNG supply chain is given in Figure 6. 
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Figure 6 LNG supply chain cost distribution 
Source: Alavi,(2003). LNG Tanker Market Report, DVB Research and Strategy Plannig 
 
3.3. LNG MARKET AND BUSINESS  
LNG projects are big investments and in many cases the total cost of an LNG 
supply chain is expressed in billions of dollars. A Sale and Purchase agreement 
(SPA) is signed between the import and export terminals. According to the agreed 
Incoterms transport costs are assigned to the parties. In the past the DES or EXSHIP 
type were common, but with lower LNG vessel prices today, the FOB type of 
contracts have become popular (Jensen, 2004, p.15). This allows the buyer to have 
control over transportation. 
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3.3.1. LNG Shipping Contracts 
In maritime transportation there are different types of chartering contracts. 
Voyage charter and Time charter are two main types of charters. Voyage charters are 
typical charter types for Spot markets where no long term agreements are made. 
 
In LNG transportation two types of charter agreements, which are long term 
charter and spot charter are used. However, being a very capital intensive investment, 
having a single type of cargo and limited number of players made LNG transport is 
very special and in most of the cases 20-25 year charter contracts are signed. This 
enables to share the risks between parties. These long term contracts give confidence 
to financial institutes who finance the purchase of the vessel, and to power stations or 
petrochemical refineries, which require undisturbed LNG supply chain (Jensen, 
2004, p.15-16). Some sellers has found a differet method to mitigate risks by 
integrating the downstream with self contracting with their marketing affiliates 
which gives the option of open destination (Jensen, 2005, p.7). Jensen describes this 
as “system contracting” and claims it is much flexible than traditional “destination 
contracting”. 
 
New trends and new players in the market have changed this tradition and 
today the spot market of LNG transportation is quite active. Lower production costs 
and higher natural gas prices push producers to feed more LNG into the market 
which contributes to expansion of spot market (Maxwell and Zhu 2008, pp.156-158). 
While the spot market share was only 2 % in 1990 it reached 16% in 2009 
(Teekay,web).  Some reasons behind this shift are: 
 New LNG production and export terminals which do not have long term 
buyer 
 Seasonal peak of natural gas demand 
 Speculative players, increase in number of LNG vessels with no long term 
charters or not renewing their finishing contracts 
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 Diversification of LNG delivery terminals 
 Unpredicted problems in some exporting terminals 
(Teekay,web) 
 
In fact, between summer of 2010, when the market was suffering 
overcapacity, and summer of 2011 LNG spot charter rates to Japan rocketed from 
less than 30.000 USD to 100.000 USD per day mainly due to increased demand of 
LNG  aftermath of the nuclear power station explosion because of the earthquake, 
which occurred in Fukushima (Wood Mackenzie,web). 
 
3.3.2. LNG Pricing 
There is no universal LNG pricing method and different methods are used in 
different regions. Although there is no fixed relationship between two,The price of 
gas strongly corralete with  oil prices (EMF, 2007, p.16). Also, different pricing is 
used at different stages of the LNG supply chain. For some customers the base price 
is determined at the source and for some customers a CIF price is applied. Another 
important point is the fact that pricing is based on the thermal capacity of the LNG, 
not weight or volume. Thermal capacity of the LNG differs from source to source in 
relation to methane content of the LNG. Alaska LNG has the lowest thermal capacity 
which is 1.030 BTU/ cubic feet and Oman LNG has the highest, which is 1,128 BTU 
/cubic feet among internationally traded LNG ( Waterborne LNG, 2008, p.84). There 
are three main types of pricing systems. These are: 
 Oil indexed pricing used commonly in Japan, Korea, Taiwan and China 
 Oil, oil products and other energy indexed pricing commonly used in 
Continental Europe 
 Market indexed pricing commonly used in the US and UK. 
 
The indexed price formula is: CP= BP + CP = BP + β X (Wikipedia,web) 
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Where, 
 BP: constant part or base price  
 β: gradient  
 X: indexation 
Table 15 provides a full list of gas prices from 1984 to 2010 with comparison 
to oil prices. 
 
Table 15 Annual natural gas prices 
Natural Gas: Prices      
US dollars per million Btu      
 LNG  Natural gas   Crude oil 
 Japan European UK US Canada OECD 
  cif Union cif † (Heren NBP Index)*  Henry Hub †  (Alberta) ‡   countries cif 
1984 5,10 4,00 - - - 5,00 
1985 5,23 4,25 - - - 4,75 
1986 4,10 3,93 - - - 2,57 
1987 3,35 2,55 - - - 3,09 
1988 3,34 2,22 - - - 2,56 
1989 3,28 2,00 - 1,70 - 3,01 
1990 3,64 2,78 - 1,64 1,05 3,82 
1991 3,99 3,19 - 1,49 0,89 3,33 
1992 3,62 2,69 - 1,77 0,98 3,19 
1993 3,52 2,50 - 2,12 1,69 2,82 
1994 3,18 2,35 - 1,92 1,45 2,70 
1995 3,46 2,39 - 1,69 0,89 2,96 
1996 3,66 2,46 1,87 2,76 1,12 3,54 
1997 3,91 2,64 1,96 2,53 1,36 3,29 
1998 3,05 2,32 1,86 2,08 1,42 2,16 
1999 3,14 1,88 1,58 2,27 2,00 2,98 
2000 4,72 2,89 2,71 4,23 3,75 4,83 
2001 4,64 3,66 3,17 4,07 3,61 4,08 
2002 4,27 3,23 2,37 3,33 2,57 4,17 
2003 4,77 4,06 3,33 5,63 4,83 4,89 
2004 5,18 4,32 4,46 5,85 5,03 6,27 
2005 6,05 5,88 7,38 8,79 7,25 8,74 
2006 7,14 7,85 7,87 6,76 5,83 10,66 
2007 7,73 8,03 6,01 6,95 6,17 11,95 
2008 12,55 11,56 10,79 8,85 7,99 16,76 
2009 9,06 8,52 4,85 3,89 3,38 10,41 
2010 10,91 8,01 6,56 4,39 3,69 13,47 
Source: BP Statistical Review of World Energy, 2011 
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3.3.3. LNG Quality 
LNG quality is  a very important factor in the LNG trade. If the gas does not 
comply with the terms and specifications of the SPA it is called off-spec (off-
specification) gas and in such case the buyer reserves the right to refuse the cargo or 
claim for the damages to his infrastructure. 
3.4.  LNG EXPORTING COUNTRIES  
Currently 18 countries are exporting natural gas but by 2015 with start up of 
Angola, Canada, Papua New Guinea, Peru and Venezuela this number will reach 24 
(Bharat book, 2010, p.38). Qatar had the biggest gas export volume with 75,75 bcm 
followed by Indonesia and Malaysia with 31,36 bcm and 30,54 bcm respectively. 
(BP, 2011b, p.38) They were followed by Australia with 25,36 bcm but Australia 
plans to be the world’s top LNG exporter with its 8 new LNG export terminals 
expected to be completed by 2015. Russia  has exported 13,40 bcm of gas in 2010 
but it also has planned to boost its LNG exports and to be among the top 10 exporters 
(Bharat book, 2010). Other important exporters and their export volumes for 2010 
according to BP report were: 
 
Trinidad & Tobago : 20,38 bcm 
Norway: 4,71 bcm 
Algeria: 19,31 bcm 
Egypt: 9,71 bcm 
Equatorial Guinea:5,16 bcm 
Nigeria: 23,90 bcm 
Oman: 11,49 bcm 
UAE: 7,90bcm 
Yemen: 5,48 bcm 
Brunei: 8,83 bcm  
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3.5.  LNG  IMPORTING COUNTRIES 
Total LNG imports reached 297,63 bcm in 2010 with Japan holding the 
biggest share with 93,48 bcm. It was followed by South Korea with 44,44 bcm and 
Spain with 27,54 bcm (BP, 2011b, p.28) .Other major gas importers and their import 
volumes in 2010 as per BP report were: 
 
United Kingdom. 18,67 bcm 
Taiwan: 14,90 bcm 
France:13,94 bcm 
China: 12,80 bcm 
United States:12,23 bcm 
India: 12,15 bcm 
Italy:9,08 bcm  
Turkey: 7,92 bcm 
Belgium:6,43 bcm 
Mexico:5,72 bcm  
 
An import terminal requires LNG receiving facilities, which consist of LNG 
storage tanks and regasification units. A schematic illustration of an LNG import 
terminal is given in Figure 7. 
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Figure 7 An LNG import terminal plan 
Source:www.bp.com 
 
3.6.  WORLD LNG TRANSPORTATION 
LNG transportation is carried out by purpose built vessels which are known 
as LNG carriers. Although many different tank designs have been studied and 
developed two types of tank constructions have remained dominant in the LNG 
shipbuilding industry: The Moss Rosenberg type and membrane type. The membrane 
type uses the space much more efficiently, but it is costlier than the Moss Rosenberg 
type vessels.  A 160.000 m3 capacity LNG vessel cost approximately 210 Million 
USD in March 2010 (UNCTAD, 2011, p.56). Figure 8 shows a Moss Rosenberg type 
LNG vessel. 
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Figure 8 An LNG vessel at discharge port  
www.lngworldwide.com/Articleimages/LNG%20Terminal.bmp 
 
 
The sizes of LNG vessels remained almost constant from the 1970’s to the 
beginning of the 2000’s. The majority of the vessels capacities were at 138.000 cubic 
meters but with new technologies LNG carriers up to 270.000 cubic meters capacity 
were built (Macdonald, 2005, p.2). These vessels reduced transportation cost of LNG 
by 20%.  Figure 9 shows the LNG Vessels size change. 
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Figure 9  LNG vessels size change 
Source:Macdonald, J. (2005). Structural and Containment Design Aspect of Large LNG Ships, Lloyd 
Register 
  
In 2000 the world LNG fleet consisted of 127 ships with a total capacity of 
14,3 million cubic meters. These figures were 191 ships with 23,17 million cubic 
meters in 2005(Akbaba, 2007, p.9). The world LNG fleet reached 355 ships with a 
capacity of 52,2 million cubic meters by June 2011(Shipbuildinghistory,web). This 
means the LNG fleet has more than doubled in number of vessels and increased more 
than three times in capacity in the last 10 years. Table 16 shows the world LNG fleet 
in number of vessels including confirmed orders as of June 2011. 
 
Table 16 World LNG fleet as of June 2011 
Type Size 
Delivery 
In service On order Total 
Q-Max > 250.000 m
3 
13 - 13 
Q-Flex 200-250.000 m
3 
32  32 
Standard 100-200.000 m
3 
285 42 327 
Small <100.000 m
3 
25  25 
Total  355 52 407 
Source:www.shipbuildinghistory.com/world/highvalueships./lngactivefleet.htm 
(Note: 10 orders with unknown capacity  included) 
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 3.6.1. LNG Fleet Projection  
As natural gas trade grows and expands further LNG capacity will be 
required. In fact, LNG transportation is the most promising sector to expand and 
projections show that required LNG capacity will reach 800 million cubic meters in 
2030 as shown in Figure 10  (Ocean Shipping Consultants, 2008). Teekay Shipping, 
a  major player in LNG transportation, predicts the required capacity will surpass 1 
billion cubic meters by 2030. 
 
Figure 10  LNG trade projections 
Source:Ocean Shipping Consultants,2008 
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CHAPTER FOUR 
4. TURKEY’S ENERGY DEMAND AND SUPPLY 
4.1. TURKEY’S ENERGY DEMAND AND SUPPLY OUTLOOK 
Turkey’s energy consumption reached 110,9 MTOE of in 2010. Natural gas 
had the biggest share in total energy consumption with 35,1 MTOE followed by coal 
with 34,4 MTOE from and then oil with 28,3 MTOE. The remaining energy demand 
was met by hydroelectricity and renewables with shares of 11,7 MTOE and 1,2 
MTOE respectively (BP, 2011b, p.41).  Of Turkey’s total energy demand 73 % was 
met by imports(Ministry of Energy andNatural Resources, 2010, p.22) . Production 
of oil was 2,5 million tons and production of natural gas was 796 million cubic 
meters in 2010 (PIGM, web). In other words, 8,8 % of oil consumption and 2 % of 
natural gas consumption were met by national production.   
 
Figure 11 Turkey’s primary energy need 
Source:  BP, (2011a). Energy Outlook 2030, London 
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As a fast developing country, Turkey’s energy need has increased steadily in 
past years. As shown in Figure 11, Turkey’s energy needs more than doubled in the 
last 20 years. This was attributed to Turkey’s population growth, industrialization, 
and increase in GDP per capita and economic developments. 
 
 The primary energy consumption was 47,2 MTOE in 1990, 76,7 MTOE in 
2000 and 110,9 MTOE in 2010. The change between 2009 and 2010 was 9,8 % 
(BP,2011b, p.40). When the pattern of fuel type distribution is analyzed in Table 17, 
it is seen that the gas share has increased much more compared to other fossil fuels.  
 
Table 17 Turkey’s primary energy shift by fuel type (MTOE) 
MTOE 1970 1980 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Gas - - 3 13,1 14,4 15,6 18,8 19,9 24,2 27,4 32,5 33,8 32,1 35,1 
Oil 7,7 14,8 22,1 31,1 29,9 30,6 31 31 30,2 29,5 30,5 30,9 28,2 28,7 
Coal 4,2 7,5 16,8 25,5 21,8 21,2 21,8 23 26,1 28,8 31 31,3 32 34,4 
Others 0,7 2,6 5,3 7 5,5 7,8 8,1 10,5 9 10,1 8,2 7,8 8,7 12,7 
TOTAL 12,6 24,9 47,2 76,7 71,6 75,2 79,7 84,4 89,5 95,8 102,2 103,8 101 110,9 
Source: BP Statistictial Review of World Energy 2011 
 
4.2. TURKEY’S NATURAL GAS MARKET 
4.2.1. History of Turkey Natural Gas Market 
The first natural gas reserve discovery in Turkey was in 1970 in Kırklareli 
city and, after completion of the infrastructure, this gas started to be used in 1976 
(BOTAS, web). In 1984, Turkey and the Soviet Union signed an agreement for gas 
trade and, consequently Soyuzgasexport (Russian gas Export Corporation) and 
BOTAS (Turkey Pipeline Corporation) signed an agreement of gas SPA for 25  
years.  
 
Ankara was the first city to use natural gas in Turkey by 1988. The natural 
gas network was extended to Istanbul and Bursa in 1992, to Izmit(Kocaeli) and 
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Eskisehir in 1996. Today 67 of 81 cities have the gas network and in the very near 
future spreading the network to centers of all cities is planned (BOTAS,web). Figure 
12 provides a map of Turkey’s natural gas pipelines and use of gas in the cities. 
 
 
Figure 12 Turkey’s natural gas pipeline network and suppy 
Source: www.botas.gov.tr 
 
Turkey consumed 39 bcm of natural gas which is equal to 35,1 MTOE in 
2010 (BP, 2011b, p.23).  Figure 13 shows the trend of natural gas use in Turkey. 
Accordingly, except for 2009 due to effects of the global economic crisis, a 
continuous upward trend can be observed. 
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Figure 13  Turkey’s natural gas consumption (1990 -2009) 
Source: BP, Energy Charting Tool(Statistical Review of World Energy 2011) 
 
BOTAS (Boru Hatları ile Petrol Tasima A.S. = Petroleum Pipeline 
Corporation) is the regulatory body of natural gas and until 2005 it was the only 
corporation to import natural gas. However, in 2005, according to he Natural Gas 
Market Law which was put in force in 2001, BOTAS handed over the right of 
importing 4 bcm of natural gas to the private sector.  
 
The first natural gas import by a private sector company was carried out by 
Shell Energy in 2007 (BOTAS,web). Natural gas trading acvities by BOTAS 
increased continuously from 1987 to 2008 and then declined since then. This was 
attributed to handing over of 4 bcm gas import right to private sector. A small 
proportion of the gas is re-exorted to Europe. Table 18 provides the full list of 
BOTAS natural gas activities from 1987 to 2010. 
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Table 18 Turkey’s Petroleum Pipeline Corporation natural gas activities by year 
(NATURAL GAS 
TRANSPORTATIONS BY YEAR 
(Million cubic meters) 
NATURAL GAS SALES BY YEAR 
(Million cubic meters) 
 
1987 433,00 521,56 
1988 1.136,00 1.186,13 
1989 2.986,00 3.152,72 
1990 3.246,00 3.372,52 
1991 4.031,00 4.131,60 
1992 4.430,00 4.520,77 
1993 4.952,00 4.952,47 
1994 5.375,00 5.251,16 
1995 6.858,00 6.792,74 
1996 8.040,00 7.905,92 
1997 9.874,00 9.720,77 
1998 10.233,00 10.270,68 
1999 12.358,00 12.381,53 
2000 14.822,00 14.566,00 
2001 16.368,00 16.027,00 
2002 17.624,00 17.377,69 
2003 21.188,00 20.937,95 
2004 22.174,00 22.108,39 
2005 27.028,00 26.865,68 
2006 30.741,00 30.494,03 
2007 36.450,00 35.064,16 
2008 37.793,00 36.024,00 
2009 33.619,00 32.134,00 
2010  32.466,00 31.462,00 
Source: www.botas.gov.tr 
4.2.2. Natural Gas Purchase Agreements 
Turkey, in line with its energy resources diversification strategy has signed 
eight long term SPA contracts for natural gas import. Accordingly, Turkey is   
importing natural gas via pipelines from Russia, Iran and Azerbaijan and importing 
LNG from Algeria and Nigeria (EPDK, 2009, p.16). Table 19 provides details of 
Turkey’s  natural gas import agreements. 
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Table 19 Turkey’s natural gas import agreements 
 
Turkey’s natural gas import agreements 
Agreement Signed on  Started on Period 
Volume 
( billion m³ / y) 
End of 
contract 
Russia (West-1) Feb 1986 June 1987 25 6 2012 
Algeria(LNG) Apr 1988 Aug 1994 20 4 2014 
Nigeria (LNG) Nov 1995 Nov 1999 22 1,2 2021 
Iran Aug 1996 Dec 2001 25 10 2026 
Russia (Blue stream) Dec 1997 Feb 2003 25 16 2028 
Russia (West-2) Feb 1998 Mar 1998 23 8 2021 
Turkmenistan May 1999 - - - - - - 30 16 - - - 
Azerbaijan Mar 2001 July 2007 15 6,6 2022 
 
Source: EPDK, (2010.) Natural Gas Sektor Report 2009 
 
On the other hand, a majority of the SPA contracts of gas trade contains Take 
or Pay (T/P) term which means that even if the contracted volume can’t be consumed 
it has to be paid. Turkey indeed has paid a T/P difference in the last 3 years for the 
gas not consumed. It has been reported that the T/P cost was around 1,2-1,3 billion 
USD for 2010 (Aydilek, 2011).  
 
According to import agreements, Russia is the dominant gas provider of 
Turkey and in 2010 Turkey imported 16,64 bcm from Russia accounting for 45,4 % 
of its total imports. It is worth to note that this figure dropped from 54,5 % from the 
previous year. Gas import from Iran was 7,7 bcm and from Azerbaijan 4,35 bcm 
(Turkish Petroleum Platform Association, web). Table 20 provides the list of 
Turkey’s natural gas import source countries and their shares. 
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Table 20 Sources of Turkey’s natural gas imports (2009 – 2010) 
Sources of Turkey natural gas imports (2008 – 2009) 
Source 
2009  
(billion m³) 
2009 (%) 
2010  
(billion m³) 
2010 (%) 
Russia 19,477 54,5% 16,64 45,4% 
Iran 5,274 14,8% 7,77 21,2% 
Azerbaijan 4,960 13,8% 4,35 11,8% 
LNG(Algeria+Nigeria+Spot) 6,043 16,9% 7,92 21,6% 
Total 35,756 100,0% 36,68 100,0% 
Source: www.petform.org.tr & BP data 
 
The biggest share of natural gas is consumed for electricity production. In 2010 
59,8 % of the imported gas was used in power plants for this purpose. It was followed by 
domestic use with 21,4% and industrial use with 18,6 % shares(BOTAS,web). Table 21 
shows the distribution. 
 
Table 21 Turkey’s natural gas consumption distribution (2010) 
 
Electricity production 59,8% 
Industry 18,6% 
Domestic 21,4% 
Source: BOTAS Natural Gas Sector Report, 2010 
(Note: Data excludes the 4 bcm imported by private sector.) 
 
4.3. TURKEY’S LNG TERMINALS 
4.3.1. BOTAS LNG Terminal 
BOTAS LNG Terminal is located in Marmara Ereglisi (east of Istanbul). It 
has three storage tanks with a capacities of 85.000 cubic meters each. The berth 
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length is 300 meters and it can accommodate LNG vessels with capacities of  40.000 
to 125.000 cubic meters( BOTAS,web). 
 
The BOTAS LNG Terminal’s annual regasification capacity is 6 bcm and 
the continuous injection capacity is 685.000 cubic meters per hour. The terminal acts 
as emergency supply source during peak demand or disturbance in pipeline supplies 
(BOTAS,web). Figure 14 shows aerial photos of the terminal. 
 
Figure 14 BOTAS LNG terminal 
Source: www.botas.gov.tr 
 58 
4.3.2. EGEGAZ  LNG  Terminal 
EGEGAZ LNG Terminal is the only private sector LNG terminal in Turkey. 
It was constructed in Izmir/ Aliaga port between 1999-2001. However, the first LNG 
cargo was not received until December 2006 due to administrative permit problems.  
It has two LNG storage tanks with a capacity of 140.000 cubic meters each. It was 
the second largest LNG import terminal in the world when it was completed. The 
terminal’s regasification capacity is 7,4 bcm/ year (Egegaz, web.).  This means that if 
it is operated with full capacity it can meet about 20% of Turkey’s annual gas 
demand. Figure 15 shows  Turkey’s and Europe’s LNG terminals. 
 
 
 
Figure 15 Europe’s  LNG terminals 
Source: http://www.rabaska.net/images/gnl_fichiers/europe.png 
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4.4. NATURAL GAS STORAGE PROJECTS 
BOTAS is working on gas storage projects to cope with peak demands and 
supply shortages. Currently there are two gas storage projects, one of which is 
already in use. 
4.4.1. North Marmara and Degirmenkoy Storage Projects 
The North Marmara and Degirmenkoy Storage projects located in the 
proximity of the Marmara Ereglisi LNG terminal consist of an off-shore storage 
facility in Silivri and an on-shore storage facility in Degirmenkoy. These facilities 
have a storage capacity of 1,6 bcm of gas. Both facilities became operational on 20 
July 2007 (BOTAS, web). 
4.4.2. Salt Lake Storage Project 
This project is developed for utilization of salt domes under the Salt Lake. 
The storage capacity of the project will be 1 bcm. The project is expected to be 
completed in 2016. The facilities will be able to deliver 40 million cubic meters of 
gas for a period of 20 days. The project will assist coping with peak demands and gas 
deficits in the Central Anatolian Region (BOTAS,web). 
 
Considering that LNG regasification results in expansion of 600 times in 
volume, Turkey’s natural gas storage capacity will reach approximately 4 billion 
cubic meters when both projects put in use. However, this storage capacity still will 
not be sufficient to  to meet one month’s consumption of gas. Further storage 
facilities including regional peakshaving storage tanks and LNG terminals are 
necessary for secure and sufficient emergency natural gas stock. A proposal of a new 
LNG terminal will be discussed in Chapter 5. 
 
 Table 22 gives the list of Turkey’s natural gas storage capacity, including 
LNG terminals. 
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Table 22 Turkey’s natural gas storage capacity 
OPERATOR LICENCE PERIOD STORAGE FACILITY STORAGE 
CAPACITY 
BOTAS (LNG)  10 years  from 
04/04/2003 
Marmara 
Ereglisi/Tekirdag 
255.000 m
3
 LNG 
(85.000 m
3
 X 3) 
EGEGAZ A.S. 
(LNG) 
30 years from 
04/04/2003 
Aliaga/Izmir  280.000 m
3
 LNG 
(140.000 m
3
 X 2) 
TPAO 
 
30 years from 
18/04/2003 
Silivri/Istanbul 1.600.000.000 m
3
 
BOTAS 
 
30 years from 
27/06/2007 
Sultanhani /Aksaray 960.000.000 m
3
 
Source: EPDK, (2010.) Natural Gas Sektor Report 2009, Ankara 
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CHAPTER FIVE 
5. OPTIMIZATION OF TURKEY’S  NATURAL GAS  NEED WITH LNG 
 
Turkey’s natural gas consumption has grown sharply since it was introduced 
for domestic and industrial use in 1986. The trend of the consumption is positive and 
in order to cope with increasing demand, a well planned energy strategy should be 
based on realistic forecasts.  
 
In this chapter a SWOT analysis of LNG imports to Turkey, forecasting of 
Turkey’s natural gas needs and a SCOR (Supply Chain Operational Reference) for 
an LNG supply chain are modeled. 
 
5.1. SWOT ANAYLSIS  
 
As part of the research, a SWOT analysis of the optimization of Turkey’s 
natural gas need with LNG imports will enable catching the opportunities by using 
the strengths, avoiding threats and improving on the weaknesses. In this aspect a 
SWOT analysis of the research is a combination of energy, maritime, foreign affairs 
and economic strategies. 
 
Strengths:  
 Young, dynamic and growing population 
 Developing industry and economy 
 Being a maritime nation and being involved in shipowning, operation and 
shipbuilding 
 Modernisation and expansion of the Turkish maritime fleet 
 Geopolitical and strategic location 
 Increasing interest in shipping investment 
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 Easily accessible seaports 
 
Weaknesses: 
 No national LNG fleet 
 Insufficent experience in LNG business and LNG shipping 
 Insufficient trained personnel for LNG ships and terminals 
 Limited capacity for LNG storage 
 Insufficient shipping finance  by Turkish banks 
 73 % energy dependency on imports (Ministry of Energy and Natural Sources, 
2010, p.22) 
 75 % of Turkey’s import and export goods shipped by foreign flagged vessels 
(State Planning Organizaton, 2006) 
 
Opportunities: 
 Developing economy and industrialization 
 Increasing GDP per capita 
 Strategic and geopolitical location 
 Relations and accession studies with EU  
 Increasing local and global gas demand 
 Potential for modern cooking and heating facilities in the country 
 Respected and strong position in the region (supporting energy corridor 
projects) 
 
Threats: 
 Agreements with limited number of suppliers 
 Political conflict in Middle East and Caspian Region 
 Competition with neighboring countries 
 Financial burden of Take or Pay type contracts 
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Taking into account the above points, the strategy and planning should focus 
on maximum use of strengths and opportunities and avoid or minimize the 
weaknesses and threats. 
 
 5.2. NATURAL GAS DEMAND FORECAST 
 
Turkey’s natural gas demand forecasting is done by using quantitative 
forecasting methods and then applying adjustments for other factors. Eventually 
forecast results are compared with other forecast research for the gas demand of 
Turkey. 
 
Based on actual consumption data from 1986 to 2010 three statistical 
forecasting methods are applied. Accordingly, the following formulas and R
2 
obtained: 
 
Linear Trend: 
Y : 1,6641x – 6,7782 
R
2 
: 0,9194 
 
Exponential Trend: 
Y: 2,6028e
0,1049x 
 
R
2
: 0,8562 
 
 Quadratic trend: 
Y: 0,07x
2
-0,1563x + 1,4134 
R
2
: 0,9868 
 
Although the quadratic trend forecast yields the highest R
2 
result, the linear 
trend gives the closest values to actual values. This is attributed to saturation of the 
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demand especially after 2005.  Since the exponential trend’s R2 is the lowest this 
forecast is not taken into account. The forecast for the years 2011 to 2030 calculated 
by linear and quadratic  methods  and are presented in Table 23. 
 
Table 23 Turkey’s gas consumption forecast 
YEAR 
Actual 
Consumption   YEAR 
Linear 
Trend 
Quadratic 
Trend 
 
1986 0,4   2011 36,4884 44,6696  
1987 0,5   2012 38,1525 48,2233  
1988 1,2   2013 39,8166 51,917  
1989 3,2   2014 41,4807 55,7507  
1990 3,4   2015 43,1448 59,7244  
1991 4,1   2016 44,8089 63,8381  
1992 4,5   2017 46,473 68,0918  
1993 5,0   2018 48,1371 72,4855  
1994 5,3   2019 49,8012 77,0192  
1995 6,8   2020 51,4653 81,6929  
1996 7,9   2021 53,1294 86,5066  
1997 9,7   2022 54,7935 91,4603  
1998 10,3   2023 56,4576 96,554  
1999 12,4   2024 58,1217 101,7877  
2000 14,6   2025 59,7858 107,1614  
2001 16,0   2026 61,4499 112,6751  
2002 17,4   2027 63,114 118,3288  
2003 20,9   2028 64,7781 124,1225  
2004 22,1   2029 66,4422 130,0562  
2005 26,9   2030 68,1063 136,1299  
2006 30,5          
2007 36,1          
2008 37,5          
2009 35,7          
2010 39,0          
 
The graph of the linear trend forecast is given in Figure 16 and the graph of 
quadratic trend in Figure 17. In this research the linear trend is used for further 
studies. 
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Figure 16  Linear trend 
 
 
 
 
Figure 17  Quadratic Trend 
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The quantitative forecast results are analysed under the following facts: 
-Energy demand growth forecast 6-8 % per annum as per Turkey’s Energy strategy 
report 
-GDP growth 6 % per annum ( Ministry of Transport, 2007, p. 27) 
-Population growth 2 % per annum (Ministry Of Transport, 2007, p.27) 
-Investments and researches on renewable energy 
-Three nuclear power plants with installed capacity of 5000 MW is planned to be in 
operation by 2020 (Ministry of Foreign Affairs, 2006, p.8). 
 
 EPDK decleared the official estimation of Turkey’s gas consumtion for the 
year of 2011 as 39 bcm (Petroturk, web). The above linear forecast is adjusted with a 
coefficient of 1,1 taking into account the  above factors and declared forecast. 
Accordingly, the corrected gas demand forecast for 2030 is 74,9 bcm. For 
comparison, a forecast by the Turkish Petroleum Platform Association is given in 
Table 24. 
 
Table 24 Turkey’s natural gas need projection (2015 – 2030) 
Turkeys Natural gas Need projection (2015 – 2030) 
2015 56,9 billion m³ 
2020 66,6 billion m³ 
2025 70,5 billion m³ 
2030 76,3 billion m³ 
Source: www.petform.org.tr  
 
5.3. COST BENEFIT ANALYSIS OF LNG TRANSPORTATION 
5.3.1. Natural Gas Transport Cost Analysis 
Pipeline transportation is the cheapest mode of transportation. However, it 
has many disadvantages as well. It requires heavy initial investments, and crossing 
international borders, passing trough mountains or under seas may increase the 
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burden and costs. It also brings dependency on a single supplier. On the other hand, 
LNG transportation is costlier than any other type of maritime transport due to LNG 
low density and special transportation requirements (Jensen, 2004, p.5).  
 
When only transportation cost is taken into account, LNG transportation 
becomes the most economic mode for the distances and volumes shown in the Figure 
18. However, when market conditions are favorable, LNG total cost may be lower 
than natural gas imported by pipelines. 
 
 
 
Figure 18 Natural gas transport cost analysis 
Source: Alavi, (2003). LNG Tanker Market Report, DVB Research and  Strategy Planning 
 
 
In long term planning, the cost factor is not a sufficient parameter and other 
social and strategic factors (dependency, employment for the public, storage facilities 
etc.) should also be taken into account. Table 25 provides a comparison of 
Cost/Benefit analysis of LNG versus pipeline transportation. 
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Table 25 Pipeline - LNG cost/benefit comparison 
  Cost Dependency 
on single 
supplier 
Employment 
potential 
Storage Arbitrage 
(Re-trading ) 
Pipeline Usually cheaper 
transport cost 
Yes Very few No gain 
from 
volume 
Usually not allowed. 
LNG  Usually much 
expensive but 
could be 
cheaper when 
market 
conditions are 
favorable. 
On long term 
contracts: Yes. 
In spot market: 
NO  
Much 
employment 
required on 
terminals and 
vessels 
600 times 
volumetric 
gain 
Usually allowed. 
 
5.4. OPTIMIZATION MODEL 
The ratio of pipeline / LNG supply is very important since any shift from the 
optimum point will bring some disadvantages.  These risks are discussed below. 
 
Undersupply risks: If insufficient LNG back up  is available during an 
energy crisis or undersupply of natural gas by pipelines, the shortage may cause 
national disturbance (domestic need), slow down or shut down of production and 
may lead to using more expensive and less environmentally friendly energy 
resources and  difficulty in price regulation (private gas suppliers will tend to 
increase the price). 
 
Oversupply risks: If the LNG share of total imports is higher than optimum 
proportion additional cost coming from the LNG- natural gas difference in price will 
have to be met. Also, additional cost paid for Take or Pay agreements will increase 
the financial burden. In case of oversupply in gas, competition between gas traders 
may result in losses for traders with no storage facilities. Taking into account the gas 
demand forecast for 2030, the current gas S/P agreements, gas storage capacity and 
proximity of LNG suppliers, a 20 % share for LNG of the total gas import will be an 
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optimum level.  Accordingly, the volume of LNG to be imported in 2030 will be 15 
bcm.  
 
5.4.1. Optimization of Gas Storage Capacity with  a New LNG Terminal 
Based on the forecast of Turkey’s natural gas need, Turkey’s gas storage 
capacity, including the Salt Lake project, can meet only 10-15 days of the demand in 
heavy winter conditions. This capacity should be increased to be sufficient for one 
month’s consumption.  A new LNG import terminal will assist in reaching this 
target. Considering the locations of the BOTAS and EGEGAZ terminals, the new 
terminal should be located on the Mediterranean Coast and Ceyhan is determined as 
the ideal location. This location enables easy access to sea and easy connection to the 
gas network. Turkey’s energy strategy to develop Ceyhan as an energy hub matches 
with this suggestion. Also, in long term planning this terminal can serve to export 
Iraqi gas. 
 
EGEGAZ was the second biggest LNG import terminal with its 280.000 m
3
 
capacity. However, new construction techniques now enable construction of  
200.000 m
3
 tanks. AF Cryotank, an LNG storage tank construction company, 
claimed to be able to build LNG tanks with a capacity of 300.000 m
3
. 
 
On the other hand, Q-max LNG vessels transports almost double the amont of 
cargo for 20% less. Considering oceanographic conditions and depth, an LNG 
terminal which can accommodate Q-max vessels can be built. 
  
In this respect, and taking into account Turkey’s projected gas demand a new 
LNG terminal with a capacity of 550.000-600.000 m3 will greatly assist in providing 
the required additional storage capacity. Such a terminal will reduce the 
transportation cost if designed for Q-max vessels. Also, it will reduce the distance 
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travelled for the vessels from Egypt and vessels using the Suez Canal, such as 
imports from Qatar. 
 
5.5. SCOR(Supply Chain Operational Reference) Model for LNG Supply Chain 
 
 Supply Chain Operational Reference(SCOR) is a model, which provides 
standardization of planning, operations, processes and resources (supply-chain.org). 
It provides easy tracking of the processes and benchmarking, cost control and risk 
planning. Eventually it increases supply chain partners’ relationship, flow of 
information and customer satisfaction.  A SCOR model is a tailor made model and 
needs to be modified for a supply chain but it contains the following elements: 
Standard definitions of processes of the supply chain 
Definition of the relationships between the standard processes 
Standard metrics for measuring the processes performance 
Development studies to increase the best performance 
Improvements on functionality 
 
A well planned SCOR model enables complex processes to be managed, 
controlled, measured and guided. This will enable the supply chain to have 
competitive advantages against other supply chains. SCOR model contains all the 
products, services and relations along the supply chain. A well-defined SCOR model 
consists of the following steps: 
 
Reengineering: Defining current and desired situation ( as-is to- be) 
Benchmarking: Define standards for best in class 
Best IT: Define the best IT solutions for supply chain management 
Process reference model: Improve the situation from “current to desired” state. 
Measure the processes and benchmark with best in class. Adjust the target 
accordingly.  
 A SCOR model for an LNG supply chain is illustrated in Figure 19. 
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Figure 19 LNG supply chain SCOR model 
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CHAPTER SIX 
6. SUMMARY AND CONCLUSION 
6.1. SUMMARY 
Turkey’s energy consumption was 110,9 MTOE in 2010 and 35,1 MTOE 
came from natural gas. As an energy importer Turkey’s natural gas demand is 
expected to grow continuously and to reach 73 bcm in 2030.  Based on a natural gas 
shortage experience in 2006, despite the presence of supply contracts, it became 
obvious that it is necessary to increase the sources, including LNG imports, since 
they provide the opportunity to find gas in the spot market.   
 
In the first chapter a world energy outlook was presented and discussed. In 
the second and third chapters, natural gas, LNG and their supply chains were 
presented and discussed. In the fourth chapter Turkey’s energy demand and supply 
balance was presented and discussed and in the following chapter an analytic 
research carried out to find the optimum solution for natural gas projections. 
Accordingly, additional storage capacity for natural gas is suggested together with a 
new LNG import terminal in Ceyhan.  
6.2. CONCLUSION 
Turkey’s natural gas demand is met mainly by three resource countries: 
Russia, Iran and Azerbaijan. However, limited sources and receiving the majority of 
the gas by pipelines increase the risk for sustainable flow. An energy crisis or 
political crisis in our country or in the supplier country may be a threat to gas flow. 
Besides, a failure or damage in the pipeline or sabotage can interrupt energy flow. In 
fact, in 2006 Turkey experienced a natural gas shortage when Russia and Iran did not 
deliver the contracted amount of gas. 
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LNG imports will increase the resource alternatives and thus decrease the 
risks. In favorable market conditions LNG may be much more economical compared 
to pipeline delivered gas.   
 
6.2.1. LNG Supply Sources 
Turkey’s proximity to the Caspian and Middle East Regions gives big 
advantages for meeting its energy demand.  Besides, its geopolitical and strategic 
position enables Turkey to act as an energy corridor between those regions and 
Europe. 
 Iraq is the nearest natural gas resource, but it is not likely to sign a gas trade 
agreement before 2015 due to the current unstable political situation and security 
problems in the region. The Caspian countries will provide an alternative to Russia, 
Turkey’s main gas supplier.  However, the LNG option will provide an alternative 
independent form any regional conflict, pipeline failure, single supplier etc. 
Although LNG prices in general are higher than gas supplied by pipelines, in certain 
market conditions it may be much more economical. On the other hand, LNG from 
the spot market will assist in coping with sudden gas supply interruptions.  
In optimization of demand-supply balance an LNG share of  20-30 %  of total 
gas import is considered to be the ideal range, provided that sufficient infrastructure 
is in place. In this respect a new LNG import terminal with a 500.000 cubic meters 
LNG storage capacity and 15 bcm annual regasification capacity is necessary. 
Turkey has LNG import agreements with Algeria and Nigeria. However 
negotiations with Egypt and Qatar are in progress. Qatar has made huge investment 
both for production and transportation of LNG and by 2011 it has 33 LNG vessels 
with a capacity of 5,9 million cubic meters (OPEC, 2011, p.66).  In this respect Qatar 
can be a reliable source for an LNG supply chain with its inhouse supply and 
transport services. On the other hand, African countries may be good alternative 
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sources. On the other hand, where arbitrage is allowed European LNG terminals, 
including Italy, France, Spain and Belgium could re-trade the excess LNG they have 
imported. 
6.2.2. LNG Fleet 
 
  So far Turkey has shipped all LNG imports by foreign flag ships, since there 
are no Turkish flagged or owned  LNG vessels. As an LNG importer with a steadily 
increasing demand Turkey is in urgent need of an LNG fleet. A national fleet will 
provide control of the transportation, which is vital in an energy supply chain. In 
addition, such a fleet will give the opportunities to act freely in spot market. The 
most important point is that in a crisis or warlike situation a national fleet will serve 
the country’s energy flow when most needed.  
 
Despite the high initial financial requirements, LNG vessels are secure 
investments if they are backed up with a long term contract. As a big player in the 
market, BOTAS can sign long term contracts with Turkish shipowners who are 
willing to enter LNG shipping.   
 
6.2.3. LNG Import Terminal 
 
Based on the research and forecast a new LNG terminal with a storage 
capacity of 500.000 cubic meters and regasification capacity of 15 bcm is suggested. 
Considering the sea access, proximity to source countries and available gas pipeline 
network, Ceyhan is determined as the best location. This location matches with 
Turkey’s energy strategy to build up Ceyhan as an energy hub. 
 
6.2.4. LNG Distribution System 
 
 The Turkey’s Law on Natural Gas Market which entered into force in 2001,  
lifted the monopoly of BOTAS for natural gas imports. However, even today it is 
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difficult to speak about free competition in the market. BOTAS handed over only 4 
bcm of gas import rights to 3
rd
 parties. On the other hand, energy companies with no 
LNG storages often encounter difficulties to stock their LNG at the terminals of 
BOTAS and EGEGAZ terminals. Further deregulation of the market allowing free 
competition is necessary to improve the market and lower the gas prices. Also, small 
players can build regional LNG storage facilities which will reduce thir dependency 
on existing storage tanks. 
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ANNEX 
 
Approximate conversion 
factors 
      
        
   To     
   tonnes   US tonnes/ 
Crude oil*   (metric) kilolitres barrels gallons year 
        
From     Multiply 
by 
  
Tonnes 
(metric) 
  1 1,165 7,33 307,86 – 
Kilolitres   0,8581 1 6,2898 264,17 – 
Barrels   0,1364 0,159 1 42 – 
US gallons   0,00325 0,0038 0,0238 1 – 
Barrels/day   – – – – 49,8 
 *Based on worldwide average gravity.       
        
    To 
convert 
   
    barrels tonnes kilolitres tonnes 
Products    to tonnes to 
barrels 
to 
tonnes 
to 
kilolitres 
        
    Multiply 
by 
   
LPG    0,086 11,6 0,542 1,844 
Gasoline    0,118 8,5 0,740 1,351 
Kerosene    0,128 7,8 0,806 1,24 
Gas oil/ 
diesel 
   0,133 7,5 0,839 1,192 
Residual fuel 
oil 
   0,149 6,7 0,939 1,065 
        
  To      
  billion 
cubic 
billion 
cubic 
million 
tonnes 
million 
tonnes 
trillion 
British 
million 
barrels 
Natural gas 
and LNG 
 metres 
NG 
feet NG oil 
equivalent 
LNG thermal 
units 
oil 
equivalent 
        
From  Multiply 
by 
     
1 billion cubic metres NG 1 35,3 0,90 0,74 35,7 6,60 
1 billion cubic feet NG 0,028 1 0,025 0,021 1,01 0,19 
1 million tonnes oil equivalent 1,11 39,2 1 0,82 39,7 7,33 
1 million 
tonnes LNG 
 1,36 48,0 1,22 1 48,6 8,97 
1 trillion British thermal units 0,028 0,99 0,025 0,021 1 0,18 
1 million barrels oil equivalent 0,15 5,35 0,14 0,11 5,41 1 
        
        
        
Units        
1 metric tonne = 2204.62 lb.        
= 1.1023 
short tons 
       
1 kilolitre = 6.2898 barrels       
1 kilolitre = 1 cubic metre       
1 kilocalorie (kcal) = 4.187 kJ = 3.968 Btu       
1 kilojoule (kJ) = 0.239 kcal = 0.948 Btu       
1 British thermal unit (Btu) = 0.252 kcal = 
1.055 kJ 
      
 81 
1 kilowatt-hour (kWh) = 860 kcal = 3600 
kJ = 3412 Btu 
      
        
Calorific 
equivalents 
       
One tonne of oil equivalent equals 
approximately: 
      
Heat units  10 million kilocalories       
 42 gigajoules       
 40 million Btu       
Solid fuels 1.5 tonnes of hard coal       
 3 tonnes of lignite       
Gaseous 
fuels 
See Natural gas and 
LNG table  
      
Electricity 12 megawatt-hours       
        
One million tonnes of oil produces about 4400 gigawatt-hours (=4.4 terawatt hours) of electricity in a 
modern power station. 
 
        
1 barrel of ethanol = 0.57 barrel of oil       
1 barrel of biodisel = 0.88 barrel of oil       
        
1 tonne of ethanol = .57 ton of oil       
1 tonne of biodiesel = .88 ton of oil       
        
Other terms        
Tonnes: Metric equivalent of tons       
 
Source: BP Statistical Review of World Energy (web version) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
